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One    en.^a  ^ed    in  tj:e   study  of   oactcria  cannot 
uut   DC    iiiipres'^eu   with   the  many  difficulties-:    actendincs 
tix    identification  of  ti.e   various    uacterial   b^ecies. 

Wot   only   is   the    litei-ature  upon  tJie   Buoject 
wiaely  distributed    ainone;  the   different  periodiaals, 
meir.oirs   and   text   oooks,    uut   individual   debcriptions    are, 
in  the  majority  of  cases,   very   incomplete. 

I   have    called   attention  to  the    inadequacy  of 
tlie   various    clats  if  ications    ajid   descriptions    of   oacteria 
in  a  forir.er  puolication    (l);    inaccuracies   and  variations 
in  method   ^vhich  jiavc   lon^;   o- en  knov/n  to    i^acteriolOF^istb ; 
the    investigation  of  tj.ese   suo^.ects,    however,    is   still 
very   incomplete. 

Up   to   tiie   year   19^1   practi;jally  no  work  i.aeL  oeen 
done    alon,-;  tj:e    lines    of  syt^-ei.atic    invest! -;at ion  of 
the  variations   occurrin.;   in  cultural  meaia,    and   of  the 
necessity  of  taking  steps    to   insure   uniformity   in  method 
and   technique . 

In  I'jol  tiie  results  of  an  i/ivesti,-;ation  unaer- 
ta  en  oy  the  lauoratory  secuion  of  the  American  oiolic 
Health  Association  were  mad^     imolic    (2). 
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This   work  was    conduc-oea   under  the     ■ircction  of 
Mr.   Fnipple    (    bonctime    Secretary   or  tnc    Section)    in   the 
follo'vino  luanuer:    two   cultureb   oi    oacteria   re    retentin^ 
species   havin,;  quite   aiiTerent   cultural   and    oiochemical 
characters,   were   sent  to   a  Tew   of  t}io    leadi)i,:   oacteriol- 
o:;jsts   .■it.i.oci:..tea  with  the   Ajuerican  r'Ui.lic  l^ealth  Asso- 
ciation.     i;ach  investir-ator  use  a  his    -wn  i;etho 't    of 
oacterial   procedure   and   technique,    and   the    results   were 
for-'/arded   to  -che  lut.    Prospect  Laborator;   for  tabulation. 

Tjie    rtcults   were   very  aiscoruant,    and   siiov/cd 
the  t^it^atest  variations    in  the    foilowin^^   respects: 
A-  the   choice   of   characteristics    considered   necesL;a2'y 
for  a  complete   aescription  of  a  species,    tiiat   is,    des- 
criptions  specific   enou  ,h  to   separate   the  ^iven  or^-anism 
from  every   oti.fe  r  or<^anism; 

E-  the  ^reat  diferences  as  regards  the  same  character- 
istic; in  many  cases  the  letruits  ootained  by  different 
observers  were   diametrica.ll.'   o  -posed    to   Oiie   another. 

This   work   lea   to   another   investi  jation,    usir^; 
as    Defore   ore:anisi:,s    of  -'/idely  airferent   characteristics. 
The   committee    recorur.enaeu   a  proce^dure   to   oe   followed    in 
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detail   by   each  oDscrver  to    i/isurc   unifornity   in  the 
results. 

The    oiocjieinical   i.eaturei:>,    ana    in  general   the 
culfarii   ch>uractcristic6   v/crc   more   conbtant  tjian   in   the 
prece^ctint^   research.      rhert   -.vere   btill,    however,    evidences 
that  eith-r    there  wab   a  ,;reat   personal   I'actor   in   inter- 
preting the    results  upon  the    diTferent   cultixrai  r.edia, 
or  elbe   the   media  ".'cre  'viaely  dirfer-  nt   in  boine    retpectb. 

To   determine   the    latter  point   a  rinal    invebti- 
gation  was  unuertaken   oy  Mr.   'vViiipple,    he   himbeli   nakinc; 
all   the   media  ana    controllini;  the   work   in  hie    own   lau- 
oratory.      He    obtained   -.^elatin  from   tlie   lote   used    oy 
the   different   obbcrvcrs,    and    in  adaition   Dought  various 
sBjriplco    in  tjie   open  market.      '2\'ic   material  was   made   at 
once    into  nutrient  gelatin  aceoruin^  to   the   formulae 
prescriued    oy  the   American  Puolic   health  Association 
jT.eport.      Tests  were    conductea  thowin,^  tlie  more   s  client 
physical   properties   of  nutrient  ^^elatin:    bpissitude, 
meltinea  point,    reaci-ion,    cnlorin^^  cojitent,    viscosity, 
ana   specific   ejravity.    To  determine   tixir  relative 
values   a-    nutrient  media,    each  samole   of    jelatin  was 
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secded  "/ith  ajT  equal   ai:ioui;t   o^"  a  sample   of  Brooklyn  tap 

water;    t}ie    lelative   mur.Dcr  of  colonies   devclopint:,    ~i:e 

porportion  of   liqiiefyins^  to  non-liquefyiri<3  colonies 

and   a  coiaparison   of  tiie    relative   niur.oer  of  iimi'iar  or^^an- 

iijirib    uevelopin^  upon  each  lot  of  media  were   caref-.illy  noted, 

f'inally,    fo\ir  s.eoies   of   oacteria,    Bacillua 
py o c . ■  ane us ,    Bac i 1 lus   violaceous ,    Bacillus    f lucres c ens 
1  i que fac lens    and   Bacillus    '_C'    v/erc   inocuian,ed    into  tuoes 
of  each  medi^xm,    ami    ijicucated  unaer  tjic  sane    conditions 
to   determine   tiie   constancy  of  form  of   liquefaction,    line 
f^rov/tji,    character  of  surface   ^jrowth  and   presence   or 
aoscncc    of  a  pellicle  upon  t/.e    ii'j(^uefied   portion  of  the         j. 
a^elatin. 

Tj:e    results    of  this    elaoor-^-te  scrjet^    of  L-tudiei. 
revealed    the   sine    raaje   of  cult-iral   characteristics 
notea   in  the   wor]-:  of  the    inuividu";!   oosei'vers,    and   sJ:owcd 
conclusively  tiiat  cultural    reactions    and    otiier    c};aracter- 
isticG   upon  nutrient  ;=^elatin  were   much  less   constant  than 
was    foiTi-.erly  supposed;    that  species   whose    descriptions    fiiia 
expression  merely   in  some   sli^^ht   variation  of  .^rov/th  upon 
gelatin  can  have   no   standing-;,    unless   very  carefully 
controlled,    and   th  :.t   tiit    'n.edium  factor'    is    n  prorLem 
of  tne   first   importance    in  future    ^vork   In   oacteriolo^;y. 


Tiie   present   invetbti.^-^tion  was   undertaken  to  see 
if  any   xurtner  li^^ht   coulu    ue   shed   upon  tiiese    .ju;-:zlini5 
variations. 

In  thf;    lirst  place    it   is    import.ant   to   ucternine 
ir  there    is    at^rceiuent  ainon,-;   oacteriolo,-ists   as-    to   tiie   con- 
ception or    ''iiat  constitutes   a  .jiven  bpejits;    in  ot'nei   woras 
in   lis^ht  01'  our  present  kn,o"yled,';e   conccr  nin^  the   ,^reat 
variations   \7hich   occur   in  cultural  media,    uo   one   criol- 
Otjists    al-i.Tays    isol'ite   as    Bacillus    coli,    for  example,    an 
organism  imich  sh^ll   alv/ays    react   in  a  certain  definite 
ir.anner  upon  oixr  customar:^r  nedia?   Tr.e   most  satisfactory 
metjiod   of  elucidating;  this    point    is    to   obtain  cultures 
of  the    'colon   uacillus*    fron  different   sources    'ind   work 
their!  out   at  tjie   sairx    time    and   unuer  the   same   conditions 
upon  the   saiae    lot   of  media. 

if  fcucii  uniformity  of   interpretation  of   tlie 
'colon   oacillus'    exi;;ts,    one  ^7ill   oe    in  .-   oetter  position 
to  sLudy   the    p}:enoi;ena  Dearin,^-  ujoh   the   subject  of  var- 
iations  occurring   in  cultural  ;.edia  under  different   con- 
ditions,   ana   to   explain  their  si^^n  i  ficance    in  connection 
witji   the   suDjects    of  classification  a.iu    inentification 


of   uacteria. 

The    research  outH.-ea   oclo\7   is    an  at'.eiapt   to 
study  some   oT  tJiese   ractors ;    their  extent   and    r^-lation 
to   bacteriolOaical  diatinocit.. 

Outline    or  the    Lnvestifsation. 
Part   1.    (  H^.?-^3.) 
Discussion  of  methods    oi"   uacteriolo.-iioal    investigation 
incluaii  fc;  the   ratthodL    cuglo.ieo    in  this    research. 

1.    Preuai-ation,    coiripoi- ition,    striaac^ana   use   of 
mtuia;    precautions   and   controls. 

^-  Preparation,    pre  Liii;inar.y   cultivation  and   t!;enealO;-j;y 
of  cultures;    se;  '..tin;;   of  media. 

;5.   /'CtiiOdt    of   inoculation  of  media;    controls   and 
precautions . 

4.  Disciission  oi"   oiochcmical   featui-es. 

o.    Observations  upon  !".orpholOt;y,    includin.^  a  consid- 
eration of  the    'iianijin-^   ulock'    method   of  observin,^   repro- 
duction of   oacteria. 

5.  .'ethod    of   recoruin^  tiie   characterist,ic£,    r.orpj..o- 
lot^ical,    cultural   and    uiochemical,    uji  the   deciiaal  systeiu, 
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Part  ll./JAf).W-/'Vl.) 
Invest! -ation   of  tix   cultureii    of  the   saiue      oacterial 
species   fron  differrnt  soiirces  uuon  t-i.e   £_ai:ie   lot   of 
meaia  undei-  tiie   sai-ie   conditions;    aiscussion  of  results, 
their  api^lication  to   cla.  sixicacion  of   oacteria,    etc. 

Part   lU.^ff./^/l-^^'^.') 
Invcstiijatinn   of  t^.e   sajne   soecies    of   oacteriuiii  upon 
different  neaia  unaer  the   sai:ie   conditions    in  order   to  stuny 
1.    The    influence   of   reaction  of  tiie   neaiuin. 
^^.    The    influence   of  concentration   of   tjie  nediwn:. 
;5.    llie    influence   of  temperature    and   inoisture. 

4.  The   influeiice  of  tlie    tiiae-factor   in  the    final 

results . 

5.  The  influence  of  certain  aluuminous  t^uostances. 

o.  The  constancy  of  interpretation  of  cultural  phenom- 
ena uy  different  ooscn'-ers  of  tiic  sane  v  eries  of 
Gultui;-es,  i.e.  ti:e  •  uereonalf actor '  . 

7.  '2'i\e   value  of  tlie  various  cultural  and  uiochcnical 

characteristics  of  oacteria  for  purposes  of  clase- 
ifica^ion,  cased  u  ,on  tiieii-  relative  constancy. 


part   lY.^'l^fm-'^'^^-) 
Study  or  tiie    ir.orpholCj^y  of   uactei'ia,    especial   tmptiasis 
Deijifj   laid   upon 

1.  Tiie   Torrn  and   size. 

2,  Motility  and    I'laf-cllation. 

'6.    Gemination   and    ronn  oi'  too  res    in  tlie   cell. 

4.   j'Cthoa   of  v£r;etativt   re uroauction. 
Part  V.    (  Js-^S"^.^ 
Ruinnary,    BioliOt^raphy*    and    appendix   reiatin,,   chiefly   to 
the   coiripobtion   of  uiedia  uBCd    in  the    inve&tir;ation,    and   a 
proposed    fom  ror  standard    taoulations   of  the   cliaracters 
of   oacteria. 
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?art   1. 

All   the   rieciia  uted    in  tliU    investi^^ation  were 
made   accorriijv--  to  t'.yo   loriral-ic;    one    rcporuneiidcd    b./  the 
CoiTUP.iutee   ox    Stanuard  I'ethodt    of  "ater  Analybis   or  tiie 
American    -"uolic   iiealtli  As;^ociation;    the   otiier  uted   at 
the   Johns      Hopkins   .'edical   Rci:ool. 

In   Older  to  have   I'Oir.e   standard    i'or  conyarison 
of  the   different   reb  .Its,    thirty    (30)    oou.xifc    of  lean 
beef  were  made  up    into   one    lart;e    oatch  of  ac^ar,    at   the 
bair.e   time   and  nnder  the   same   conditions   an    far  as   poss- 
ible,   r^articul   r  attention  was    paid   to    the   t^me   fact,or 
in  cookin^i;  ana  steriliziii,^  this  materia    .        r^'inally, 
t}:e   reaction  of  the  whole  mass  was   au  jus  ted    in  one    lar^^e 
vessel;    of  course   the  material  wa^    at    ::he   s  .ine   tine    tjior- 
out^iily  mixed   so   tiiat  each  and   every  portion  J.   d   the   L,ainc 
composition  and    reaction.    The  j:.eaiun,   v/hici.  was    pre  ,ared 
and   sterilized   under  the   s,ame   conditions,    was    stored    in 
uhe   dark   in   a    lar<je    ice-oox,   v/liere    it  v/as    sun..ected   to 
the   same   conditions    of  temoeraturt  ,    moisture   and    otjier 
physical   conditions. 

This   liiedivun,    just  mentioned,   was   desi^jnated   as 
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A^jai-   laiinuer  4.    In  every   seriet    ol"  experiments,    at   leai-t 
one    complete   set  of  ijioo  ;  lations   was   inade  upon  A,;ar  4; 
direct  cojiip   risou  oi"  uii'l'erent  sets    oi"  results   coulu   be 
maue   tjirout-jh  tr.e   j.ediation   oi"  tiiis   mediuii. 

Successive  series  of  results  could  thus  be  re- 
ferred to  this  standard  riCdiiun  for  coinpai-ison;  Gj;.a;i,_:es 
in  tiie  cultural  features  of  an  or^a,nisi!i  upon  ar^ar  fror. 
generation  to   <;€.j^>c ration  coulvi    oc    easily  demonstrated. 

Method    of  j->repuration  of  Cc latin  and   A.-^ar. 
1.    American  Puulic  Health  Association  .letjiod.    * 
Step.  Procedure. 

1.    Infuse    lean  meat  24  hours    vith    the   proper  amount   of 
distilled   watf  r    (t /ice   th^    v/ei,:;ht   of  neat)    in    one    re- 
frie^erator. 

iJ.   V.'eij:iii  the    infusion  ana   add      ater  to  make   up   any   loss 
uue   to   evaporation. 
'6.    Strain  the   infusion  throu^jh  cotton  cloth. 

4.  Yk:x^-h   the   filtered    infusion. 

5.  Aud    1  %  peptone    (V.'itte's). 

5.   yana  on  a  calcium   oath   (t)    stirrin-  constantly. 
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until  tiic  peptone  icdissolved ;  kfep  the  temperature 
below  50*  C. 

7.  Titrate  and  orin^j  tiic  reaction  down  to  the  required 
reaction  with  nornal  i:aOH. 

8.  Heat  on  tiie  calcium  oath  for  hal.:'  an  hour, 

9.  V/eitsii  and  restore  loss  due  to  ev  poration. 

10.  Titrate . 

11.  August  to   the   desired   final    reaction. 

12.  Boil   five  minutes   over  the   free   flaine  with  conbLant 
stirring. 

13.  rest-ore   loss   due   to   evaporation. 

l4.^»Pil1?*r  through  absoroent   cotton,    pass  in.;  the   filt- 
rate  -oiiroUii-h  the    filter  until   clear. 

15.  Titr^e   and    record   tiie    final    reaction. 

16.  Tuue. 

17.  Sterilize. 

*  Tiie  above  method  is  one  introduced  by  i>"r.  Rickards, 
(  A  System  of  Stating  liethodt  of^.iakin:^  .edia),  read  at 
the  Philadelphia  Jeetin^  of  the  Society  of  ."Uiierican 
-acteriologisti; .  The  i.aethod  was  aevi^ed  oo  simplify  the 
nethodL.  of  nakin^^  the  various  cultural  media;  the  foun- 
dation is  broth:  other  media  as  a  rule  have  this  medum 
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as  a  basis.   A  few  sinple  additions  to  the  a^^ove  formula 
in  the  appropriate  places  of  tiie  proceedure  enable  one 
to  express  very  simply,  concisely  and  dfefinitely  the  de- 
sired steps. 

+  I.iade  by  using  a  saturated  solution  of  calcium  chloriae 
instead  of  water  in  tjit  double  briler.  The  advantage  is 
that  one  obtains  a  uniform,  hifjher  tem^jerature  tnan  is 
possible  'vith  ^7ster.  The  oath  Dolls  at  aoout  106°  c. 
Nutrient  Ai^ar.  rAodification  of  the  auove  foiimla. 
Step  1.  use  equal  weioht  of  wattr  instead  of  twice  tiie 
weight  as  in  the  formula. 
Step  2.  -4  £'ia;:e. 
Step  5.  add  2  /o  peptone. 

Step  7-8  add  2..^   agar  jelly,  (made  by  adding  20  grams 
of  thread  agar  to  ^^ater,  dissolving  with  t  e  aid  of  heat 
and  adding  at  r.tep  7-b  after  cool  ng  to  50°C. 
nutrient  Gelatin. 

Step  5.  ad  a  al&o  10  ,o   sheet  ,;e  latin. 

It  will  be  seen  that  any  mediiun  can  be  expressed  in  a 
fe"v  sentences  in  the  above  scheme;  tr.e  ciiange  and  place 
of . change  are  very  clearly  indicated. 
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2.5  ^-jrama. 
10.0  grams. 

5.0  grams . 
15.0  grams. 
1500.0  cc. 


The  Jo-iiis  Hopkins  I'etiiod. 
Plain  Nutrient  A.jar. 
Pornula;  Lieoig's  Extract  oi"  Beex'. 

Peptone  (iTitte's) 

Sodiiiiii  Chloride. 

Agar 

V/ater  (tap). 
Proc endure . 
a-  place  tlic  pan  containing  the  water  upon  tiie  furnace, 
shred  the  agar  into  this,  drop  in  the  meat  extract, 
and  etir  until  the  "ig-'^r  is  cpaite  dietolved,  removing 
the  floating  scum  when  necessary  uy  skimming, 
b-  remove  the  pan  fror.  the  fire,  cool  sligntly  anu  grad- 
ually 'oust'  in  the  jeptone  ana  salt,  stirring  the  v/hile 
to  facilitate  tolution.   Replace  the  pan  upon  the  fire 
and  ^ri  g  to  a  boil,  and  keep  boiling  andf  stirring 
until  the  iu;:.ps  of  peptone  are  di- solved, 
c-  adjust  the  reaction  of  the  medium  to  alkalinity. 
Tkis  IS  best  and  most  si  ply  accomplished  for  ordinary 
work  by  the  use  of  a  5  p   solution  of  :a<DH,  employing 
as  an  indicator  phenol-phtiialein  paper,  \fiien   this  test 
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paper  strikes  a  pale  pink  color  the  reaction  la   to  be 

considered  correct. 

d-  remove  tue   pan  fror.  tiie  fire  aiid  cool  the  contents 

to  60°  C.  having  in  the  Kean  tine  mixed  two  egt^s  in 

15C  cc.  of  water;  stir  in  the  ee;<5&,  replace  the  gan   on 

the  furnace,  oein;;:  careful  to  have  a  sloxv  fire  burning 

in  order  that  the  e^g  aloumen  be  slowly  Dut  tlioroujhly 

coagulated.   Refrain  from  stirring  during  thit  process. 

V/hen  coagulation  is  complete,  weigh  tlxc  vcxi   and  contents 

allO'.i'ing  50  grams  for  each  &i^s9    J^i-d  adjust  the  weight 

so  tJiat  tJie  contents  will  vi-ei  ;h  exactly  1000  grams. 

e-  filtering;  when  the   medium  is  re-idy,  set  up  a  glass 

funnel  and  wire  .aper  holder  in  a  filter  st  nd.   Fold 

a  filter  paper  and  moisten.  Pour  tiie  contents  of  the 

pan  through  the  paper,  slowly. 

f-  sterilize   7  miiiutes   at   lo  pounds    pressure    in  the 

autoclave . 

Nutrient  Gelatin. 

The  i. ame  as  plain  agar,  substituting  120  grams  gelatin 

for  the  agar. 

Proceeaure;  have  the  water  boiling;  take  a  sheaf  of  gel- 
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atin  lf.ave&   by  one    end   and   dissolve   them  by  waviiig 
them  t'^'   and   Tro   in  the   boiling  water.    Cause   the  water 
to   cease  boiling  and   :.roceed   precisely  as    in  makin^i 
agar,    except  thc.t  I'urther  boiling  should   be   avoided. 
Filter,    tube   and   sterilize,    usino   5  ninutes   exrjosure 
instead   of  7   as    in  thejase   of  a^-^ar. 
Storage   of  Media. 

Mention  hat>   already  been  made   of  the   general 
method   of  sDora.e   of  media;    all  raeJia  weix   placed    in 
the   ice-box  a;,,   soon  a     possible   after  preparation. 
The    ice-box  was    large   enough  to   accoinnodate   100   litres..; 
the   advanta  e   of  usi-ig  such  corjiodious    quarters    is   three- 
fold.   The   conditions   of   light,    temperature   ana  moisture 
(gaseous   environment)    are   practically  constant. 

The   necesity  of  placing  gelatin   in  a  cool  place 
immediately   after  sterilization  "r.as    been  shown  by 
V-Oiipple    (loc.    cit).    The  nelti;!;;  pcii-t   is   higher  than 
if  tiie  mediui;  were  allo^ved   to   cool   slowly  at   room  tem- 
perature.     In  fact   it   is    advisihle   to   place   the   tuoes 
containiiig  gelatin  in  cool   ru;Tnijig  water  as   soon  as 
possible   after  autoclaving,    a  proceedure   invariable   car- 
ried  out   in  this  work.      Differences    of  as  much  as    three 
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deejrees  in  tlie  li-.eltin^  point  are  often  noted  when  this 
cooling'  i-Qcess  is  jract-iced. 

The  ci^'ect  or  lon<5  continued  storage  mi:"ht  theo- 
retically produce  chan^-eti  of  reaction,  coi.sistency, 
concentration  and  food  value;  the  possibility  of  such 
changes  were  iept  constantl./  in  rind  during  this  inves- 
tigation, but  if  such  chaneses  did  occur,  they  were  too 
slight  value  to  oe  detected  oy  ordinary  ncthodc  of  re- 
search. 

A;^ar  niuiioer  4,  referred  to  sevei-al  times  already, 
did  not  cr.an^e  in  reaction  after  four  months,  nor  were 
there  any  evidences  of  evaporation. 

Deternination  of  the  Chemical  Reaction  of  iledia. 

The  reaction  of  each  and  every  lot  of  nedia 
used  in  t-  is   ork  had  its  reaction  carefully  aetcriained. 
Tjie  inethod  o resented  uelow  ^/ab  tixc  one  adopted,  and  e^avc 
excellent  results. 

Analyses  weie  )aade  in  triplicate.  If  the  rnediuin 
was  solid, three  tubes  ^.verv.  Kelteu  upon  the  v/ater  oath; 
ii.  no  inct-ance  'vas  the  oluer  ai^d  more  convenient  method 
of  hcatina  the  tuuc  in  the  free  flame  until  the  laeaium 
became  fluid  employed.  The  atmosphere  above  the  -ater 
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bath   is   practically  saturated   with  moisture, so   there 
was    :■   niriiral   loss   be   evaporation  while    the   tunes  wt  re 
beiiifi  melted . 

After  the   i: .ample  was    thoroughly  fl-.:ia,    and   had 
been  carefully  shaxen  to   distrioute   equally   the   moisture, 
5   cc.   were    removed  with  a  clean   5  cc.    pipette   and   pla- 
ced  in     45  ec.    of   boilings  water,  (distilled   ivater) , con- 
tained  in  a  clean  porcelain  evaporatiiv;  disii.    (The   water 
was    tested   to  set    if  there  was    an,    acid   or  alkalai   pres- 
ent  as    a  measure    of   jrecaution). 

The  mixture  was    boiled   for  one   min.ite   to   exyel 
carbon  dioxide   and    1/2  cc    of  a  0.5  >  solution  of  phenol- 
phthalein  solution  was    added.    The   flaine  was    removed, and 
10  cc.    of  11/20  HCl  were   added;    then  tiie   solution  was 
boiled    a,-a  n  for  oxie  minute,    and   titr- ted    boilinr-;  hot 
with  w/20  ITaOH  solution,    to   tiie   appearance   of  a  faint 
but  distinct  pinh  color. 

The   The  HCl  was   add- d    occ-.use   the   reaction   of 
many   of  my  media  ran  between  +0.2  to   -   0.2  cc.    of 
normal   alkalai   to   the    litre,    this   vr  uld    iii  the   one   case 
require   a  fraction  of  a  cubic   centimetre   of  alkalai 
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to  make    the   soiution  neutral,    ana    in  -ciie   other  event 
the    reacti   n  was    already  alkaline. 

Purtherr.ore,    the   error   in  addint^  a  fraction   of 
a  cuDic   centimetre    is  much  greater   in  porportion  than   if 
a  lar^jer  quantity   i&    re  quirt  d.      Suimnarizintg  thec-e   factors 
the  proceedure    outlined   is   the  most   lOoical   and    the  most 
accurate   and  was    used    in  all   determinations    involving 
the    reaction   of  media. 

H/sC  solutions    .^ere  used   in  preference   to  Li/lO 
solutions    oecause   a  lar^jer  quantity   in  porpnrtion   to   the 
concentration   is   nctded    to   bring  aoout   a  reaction, than 
if  stroi^er  solutions  were   used.    The   practice    of  using 
lO/w  solutions   furthermore, requi res    10   cc.    instead   of 
5   cc.    to   be  witjidrawn  every   time   one  wishes    to   rake   a 
titrat  on.    10  cc.    is   too    lar^^e  a  quantity   -/hen  one  makes 
thret    aeterm.ination..   upon  a  litre    of  medium. 

If  the      edium  it   hit^iily  colorci,    tjie   color  will 
be    less    in  a  5  /o  solution    tiiaji    in  a  10  ^.^solution.    This 
is   another  ar^ui.ent   for  tjie   use   of  weaker  :.:ixtures. 

There  was   soi.e   difiiculty   in  making  duplicate 
analyses, because  the    end   point   is    not   absolut   ly  sharp. 
If  one  mai.es    a  control, usin  ,  the   same   amoun"&   of  material. 
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tut  havixit^  tlie   reaction   deiinitely  aciu,    one   can  have 
a  definite    end    ooiiit   lOr  cojaparison.    The   dishes    in  which 
the   control   and   actual   aeterniinationc   ehould  be  matched 
in  color,      vrnen  tiiesie   conditions   are   fulfilled,    one  may 
i:iake   a  t-erieb    of  titrations    and   have   t.  em  all   cjiccl:  ■wit'i- 
in  two   tenths    of   one   percent,    tne  usual   error  allov/ed 
ill  ordinary  volxmetric  ^7ork. 

Before    the   final    oure'^'ce    readings   are  made,    it 
is   advis.iule    to   allO''   the   burettes    to  drain   for  two  min- 
utes.   This    is   particularly   important   after  a   ourette  has 
bee/i  u£:ed  witii  caustic   solutions    for  a  time;    the   tubes 
have    a  tendency  to    'la^;'    in  draining. 

All  standard   solutions     ^.vere    stored    in  ,;lass   stop- 
pered   oottles;    the   causoic   il/y.O  solution,   used    in  tit- 
rating daily,    wr.s   protected    fron  atnospheric   a,;encies 
oy   causin,:  all   the   aii    tiiat  entered    the    bot:le   to   pass 
tiirou-h   (1)    a  20   ,o  KOH  solution,    then  throu,j;h  a  dryin^:; 
tune   filled  with  freshly   fused    lime.    The   air  was   further 
more   passed    Dack  fom  the   burette   to   tiae    reservoir,    so 
that   a  minii.al   amount  of   fresn   air  was    introduced.  The 
precautions    taken  were   amply  sufficient   t,o   protect  tiie 
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standard   solution. 

I  \v\s   aole   to    clieck  up   the   standard   solutions 
from  tiiae   to   tine  with  solutions    of  known  stren.-^th,    fur- 
nished me   throu^ii  the   kindness   of  Dr.    Aoei   of  the   Dep- 
artment  of  Pxxysiolo.^iCcil    Chemistry. 

It   is   possible,    ana    even  prooaDle   that  the    pre- 
cautions   outlined   aoove  were    totally   out  of  porportion 
to   the   final   accuracy  of  the   work;    piiysicists   state 
thai,   if  one   coi'iponert   of  a  series    of  rieasurements    is 
accurate   to    (say)   0.5   /o,    it    is   not   only  unnece   sary, 
out  actually   inaccurate   to  make   other  detenninations 
in  units    of  gveuter  precision  than  0.5    .0.    There   are   no 
data  available  upon  the  work  carcied   out   in  tiiis    research, 
and    the   writer  has   erred   on  the   side    of  too  .^reat   accu- 
racy rather  than   iiin  the    risk  of  error   in  the   opposite 
direction. 

Pinal  Preparation  of  .ledia  for  Use. 
Besides   the   necessity  of  constuncy   in  the   chemical 
and   pri;/sical    properties    of  media,    two   other  factors   are 
desirable    in  oraer  to   ootain  uniform   results  ;nainely, ster- 
ility and   freshly  prepared  surfaces   upon  'v.^ich  or-^anisias 
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are   to   oe  erown. 

A<^-ar  slants   shoula   always    oe    freshly  slanted 
prior  to   use    in  oruer  t'lat   tiie  moisture   snail   oc   unii'ona- 
ly  (listriDutea,    and.    aDove    all  tliere   shall     be   enou^sri 
moisture    upon  the   surface   to   furnish  a  suitable   environ- 
in<.nt   for   the    culture.    T^o  much  mo  is  tare, however,    is   un- 
aesirable;    imi^euiately  after  the   a.^ar   is   slanted,    there 
is   a  contraction  of  the   medium  resulting   in  the   nechan- 
i   cal   expulsion  of  orotii;    tine   ;:ust   oe   alloived    for  this 
to  drain   to   the    uottoj     of  tiie   tucc  ;oti:^  rwise   tij.e   ^jro^Tth 
of  the   orr^anisms   will   oe    •>   spread  in,;;   one,    ana    oe   non- 
characteriatic.    If  a^^ar  sla]'ts    oe   placed    in  the   thcino- 
stat   lor   12-18  hours    im...euiately  after  slanting,    then 
inocu  f-ted,    one    can   rtmove   any  douuts    as   to   sterility, 
and   at  the   same   time   have   a  surface   free   from  excessive 
moisture . 

If  tjie  medium  has   becoiue   contaminated   durlnt;  tne 
procct-s   of  slaiitin^, which  may  happen   if  the   wctcr   bath 
is    Doilin(5  vigorously  ana  water   is    spattered   upoj-.   the 
cotton  plUiiS,    the   or.-^anisms   will   a:_velop   in  the   thermo- 
stat;  when  tne    tuoe-    are   ^ivcn  their  final   inspection 
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beiore    inocuLation,    the   ,;rowth  will  u£-aall.y   appear 
either  iipon  the   Bl;.ni:ed   surface   or   in  the  ^?-^ter  oi"  con- 
densation.   In  the    latter  event,    the   fluid    is   turuid    in- 
stead  of   DeintS  clear  as    is   the   case    in    :ood   media. 

!.n  unforseen  advanta^je    resulted    fron  the   prelin- 
inary, incidental   incuoation   at   '61";    all   the    orii-ynisnis 
inves titrated    in   this    rece;-.rch  tjrew  well   at   oody  temper- 
ature,   and    reueatedly  it  was    founu    oy  actual   experincnt 
tiiat  the   cultures    developed   more    rapidly  durin^;  the   first 
twenty   frur  hourb   upon  media  previously  kept   ixi  the    ther- 
mostat  than  did   parallel   cultures  upon  media  that  w  ere 
kept   in   the    ice    box. 

Gelatin  Stau   0;ilturcs. 
If  .gelatin   ue   allowed   to    rejuain   in  placts  -^here   evap- 
oration can  take   place,    the   surface    i;econie&   sxmken-con- 
cave-  and   the   moisture   disappears   to   a  coiisideraole   ex- 
tent  ^.u£t   oeneath  the  surface.    Incidentally,    a  surface 
tension  results,    '/hich  is   mobt  unpleasant  when  one  wishes 
to   ijOC"-;.late  such  a  tuoe.witli  a  platimuri  ntedle.    The 
needle   disturbs   tlie   equilibriiim,    tjie    tension  then  man- 
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ifests  itseir  uy  the  production  of   unsi  ;htl,y  rii:sures 
in  the  inediuiri.  The  fissure   ay  fonn  at  once,  or  ai'ter 
the  lapse  oi  a  fer  miniitet.  Fornations  fcimulatinrj  t>''i^ 
onoules  frequently  result,  '-vhich  may  lead  to  error;  be- 
sides, the  characteristic  line  and  surrace  growth  may  be 
destroyed  lay  these  formations. 

The  simple  expedient  of  remeltinr;  and  rtsolid- 
iiyines  the  gelatin  will  suffice  in  every  ^ase  to  obviate 
this  defect,  iiedia  store   in  a  cool,  moitt  atmosphere 
will  not,  however,  nted  such  treatment. 

Technique  of  Inoculation  of  Cultures  ;?rcliniiiary 
Cultivation;  Genealogy  of  Cultures. 

V/hen  this  work  was  undertaken  the  necessity  for 
some  simple,  efficient  means  of  keeping  tie  history  of 
the  cultures  was  recognizea.  The  most  logical  method, 
prooaoly,  is  that  of  F;ickards(3)  .  By   a  very  simple  sys- 
Lem  one  may  fina  out  witli  a  minimal  expend itiire  of  time 
the  dates  of  inoculation,  the  laedia  upon  wjiich  tram^fers 
have  beer,  ^iiide,  and  a  complete  history  ol'  the  or/^anism 
from  the  start. 
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An  example  of  .Jie  use  of  tl:ib  -o.-'-Bteiri  will  ma--:e  the  pro- 
ceedurc  clear,  ard  illustrate  t}ae  a jvantafje  of  tuch  in- 
formation, especially  in  connection  with  the  subject 
of  prclininary  cultivation. 

For  convenience,  a  sli.;;ht  iriodiJication  was  adop- 
ted,  'i'iie  differtnt  species  of  bacteria  usea  in  tiiis  con- 
nection 'vere  designated  oy   letters  of  the  alphabet, e.*^. 
A  represents  Bacillus  typhosus  ,  B  represents  Lacillus 
_coli,   ana  so  on.    To  indicate  different  strains  of 
Bacillus  typiiosus   subscripts  were  appended  to  tiie  app- 
ropriate letter,  so  t-  at  tiir;  c  different  races  of  the  ty- 
phoiu  uacillus  would  appear  as  A-i,  Ap,  A^. 

A  atcinal  point  is  pla:.:€d  after  the  specific 
portion  of  the  coinplex;  the  fi,;ures  to  the  ri,-;ht  of  the 
decir.al  point  are  concerned  wholly  with  the  history  of 
the  culture:  as  h-is  already  been  explained,  the  figures 
to  the  left  of  the  decimal  point  indicate  the  source  of 
the  particular  culture,  the  species  and  Laatters  relatin^; 
to  its  isolation,  etc. 

i^ach  time  -i  transfer  is  made  frojr.  one  of  these 
cultures,  a  niua<.ral  is  added  to  nu.iiber  or  numbers  already 
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present   at  the   ri.^iit   of  the   dccinal   poin.t.    xi    only  one 
transfer   is   made,    a   "1"    is    a  a^di    in  tuc   first   place   oi" 
decinals    to   the    right  of  the    last  one   usea.    IT  two   tran- 
sfers  are  made   at   the   ^ame   tine,    the   firtt   receives   the 
"1"   the   second   is    indicated   by   a   'V.".    If  tiiret    are   made 
at  the   b-iine   tine,    the   muniers   would    read    1,2,3,    etc. 
Exampie:    A,,    is    a  typjioiu   ciilture  obtained   frojn  Labora- 
tory X.    The   past  history  nay  or  nay  not   be   ]:no'-vn.      IThen 
this    culture    ie    received,    i-c   is    im,  ed lately  transferred 
to   an  agar  slant,    and    to   a   oroth. 
A-,    is   the    original   culture,      date   Xll/5/'02. 
A,  .1    iL    the    oroth  transfer.  "      XI 1/6/ 'O:.. 

A-.2   is    the   agar  transfer.  "      Xll/5/'02.      (maac   at 

the   banie   tirae.    As   the    figures    increase    in  conplexity  at 
the    riglit  of  the   deciiaal   point,    they  may   oe   au^reviated 
oy  the   use   of  coefficients;    tjie   coeffient  '7iii    inuicate 
the   numuer  of  successive    li   e     numuerc    in  sequence. 
Example.    A    ,1112  'vould   be  -written  A;j_.l   2;   A]_.  11123111 
••?ould   appear  A-j_.  1*^231      and   so   on. 

Cards   have   been   printed   in  which  su:;h  d'-ita  may 
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be    recorde-i;      he   complete  history  of  a   laboratory   cult- 
ure nay   oe   round   uy  tjOiiio"   oack  Troia  one   number  to   another 
until   the   ori-^inal   card   and   ori.^inalhistory  are   lou^.a. 
The  method    is   of  thf    r^reatett  value   to   Dacteriolo,j;ist£ 
enrjased   in  systeciatic  s  i:udy   of  species,    and   the  writer 
has    found    it    inv;:.lu?  ole    furnishin,-::   at    it   docs    a  method 
applicaole  to   an./  ina   all   or^janicias,    vmereby  one  r.ay  re- 
cord   in  an  available   form  all  data   re  latin;?;  to    bheir 
history,    etc. 

/reparatioii  of  Cultui'es   for   I.ioculatinn  upon 
Cultural  iviedia. 

Several   points   ii.ust   ue  provided    for  before    one 
can  hO:;e   to    introduce      bacteria   ..;ito   nutrient  nedia  and 
ootain  tlie    uest   ana  most   constant   results;    the    c    Iture 
must   be   puie,    be   in  av.  acti'-e   state    of  ve^-jetative    repro- 
duction,   ana   should  have    oeen  on  artificial  media  long 
enou  h  to   insiirc    constancy   of  reaction.    (The    question  of 
fresnly   isolateu   cultures    from  '"ater  supplies,    and   their 
.growth    IS    coPLpared   v/iui  the   ^  aj-.e   culture.     aft,er  they 
have    oeen  thrown  upon  artificial  media  need  not   ar^ply  here. 
Tne   latter  case  has    its    value   no   douot   in  determininf;- 
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rou,j;hl,y  tiie  viaoility  of  the   or-3ani£.in,    but   is   hardly 
applicable    in  strictly  first   clacs   species   ^vork. 

'v'hen   a   culture  wat    receiveM   for   inve&ti,.:;ation,    it 
was    transferred    at   once   t":   slant   a^^ar,    and   after    growth, 
had   appeared   upon   tne   a,_=;ar,    plates   were  raade.    Prom   the 
olates   new  slants   '.vei'C    ootained»    ana   a  frej^h  series    of 
plates   poured.    L-ve.:   this    elaoorate   proceeuure    in  one   ir- 
stance   failed   to   ^ive   a  pure    culture;    -i   cultur-.    of 
Bacillus   pyocyaneus   persistea    in  >:5ivin(5    --  fe'v  gas    buo- 
oles,      and  was   finally,    after  thre.     trials,    s.iiow.'   to   oe 
associated   wn:h  a  3a c i  1  lus   coli.    TiiG   culture  was    from  an 
autopsy,    and  was    transferreu   every  day,    incluainr,  the 

platinti'   for  over  a  week.    If  t.e    culture  had    been  allo'ved 
to   remain  upon  one  meaiuia,    preferaol./  b  foth,    the   pyo- 
cyanin  inif^ht  have   dissolved    tjie   colon   bacillus,    ana    left 
a   ;iure    culture.    A  simi   ar  ex  erience  wrs   found   during 
the  work  upon  t'r.e    Shij^a     acillus,    durin^^  the  work   in  the 
suiiiiner  of   1903 ;   upon  two   occasions.    xZac i  1  lus    dys enter iae 
showea  e^as    formation  after  a  lapse   of  two  wetks,    whereas 
the   original   culture  iiad   given  perfectly   typical   react- 
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ions.  Thie  was  due  to  the  fact  that  a  very  amall  colon 
colony  happened  to  lie  oeneath  the  Shifja  colony,  and  a 
portion  or  tiie  colon  orjanltmb  i^ere  removed  with  the 
Shiga  oacilli.  The  Bacillus  coli   vas  not  ^resent  in 
lar^^e  enou  ,h  nuxiuers  to  overcome  the  £acillu£  uysenter- 
iae  at  Tirst,  out  oe  ii^  a  more  hardy  orj^anii^ia,  gradually 
outi^rev/  the  latter  oacteria.  Prom  each  of  the^e  nixed 
cultures  the  writer  v/ac  aole  to  isolate  both  Gpeciec  of 
bacteria  by  the  plate  method  without  difficulty,  'fhis  is 
merely  another  example  of  the  ^-reat  difficul'ty  one  has 
in  seT^aratine;  the  vari-uis  members  of  th-  fjastro-intes- 
tinal  bacteria  trorn   one  anot  ;er. 

Prelii-iinary  Cultivation. 
Puller  and  Joiiiit.on  (4),  (5)  ,  introduced  this  very  im- 
portant proceedure  inco  oacteriolo^ical  investigations. 
In  fact  wc  owe  to  these  two  nen  the  introduction  of  W'lat 
may  oe  called  "  business  methods"  in  oactejriolo,j;y.  They 
were  amorir;  the  firs:t  to  investi^'jate  systematically  the 
cultural  media  to  see  the  relative  value  of  suc^:  mater- 
ial from  the  stand  loint  of  constancy  of  ^growtix. 

Their  original  mcthoi  of  preliminary  cultivation 


^1    iiBttu   \t-Sv   2    J.SriJ 


,*«6 


--li  rt#v  *i'^ 


-S9- 
included    th.    ^^rowtk  ol"  an  organism  upon  an  agar  blant, 
a  trans rer  to  broth,    gelatin   plates   and   finally   o   ck  to 
the    agar  tlant,    i'roin  which  r,he   cu&tomar.y   inoculationa 
\7cre   made.    The   organisms   were    allowed  to  grow  upon  each 
of  tile      edia  for  thre;     jays    uefore   they  were    introciuced 
into   any  new  media.      By   tiiifc   method,    they  succeeded   in 
evolving   cultures   Thich  woulu    react  I'luch  inort    quickly 
and  more    certainly  upon  all  the  media. 

The   work  was    done   uuon  water  bacteria,    hence   a 
slight  modixication  shoula    oe  maae    for  pathogenic    oact- 
aria,    ard    nhose    organisms     ;rowing  bett  at  the    oooy  tem- 
perature-  Weston  and  Kendall    (6)    introduced    the   succes- 
sive   transfers    into   three    or  more   successive   broths,    a 
methoo  which   increa-:ed   the   constancy  of  reaction,    oven 
with  tlie   water  oacteria.    Cultures    treated   to   the   tjiree 
broth  method   grew  with  the    .reatest   rapiaity,    and    in  a 
few   instances,   motility  was      reatly  exalted. 

Duval   anu    v'cdaer  claim  to  have   exalted   the   motil- 
ity of  Bacillus   dysenteriae     until   it   oecame   more   or  1-,:bs 
actively  motile,    ard    they  finally  succeeded    in  staining 
flagella  upon   the   same.    TJae   writer  has   compared  parallel 
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cultures,    giving  to   one   strain  the   preliminary  culti- 
vation,   ■'Thiie    the    other    'aaughter'    cut 'cure  was   s  in  ply 
transferred    from  the    original   culture   once.    In   eacr.   in- 
stance,   except  witji  certain  anaerobe^,    there  was  markerj 
ctiffercnce    in  the    rajidioy  with  which  isTO-^tiis    appeared 
upon  various   nedia,    and    in  .general   there  was    also   a  de- 
cidea   tendency  for  the   culturec.   havin^,  preliininary  cul- 
tivation to   fonri  .^roM'the   which  were   very  much  more    con- 
stant  in  tiieir  a-pearances. 

It  should   be   rememoered   that  preli;:inary  c\ilti- 
vation  it^    not   a  hard   and    fast  proceedure;   we    are    dealin,- 
with   livia;  thiiijs,    ?hich    ''ill   react   favorably  or  other 
wise   to   changes   and   differenceL,    in  o  rr  nedia  which  are 
too  iFiinute  to   oe    recordjnised    by  our  present   ana'etical 
methoas.   What  will   suffice   for  one   or^^anism  will    oe   quite 
unsuccessful  with  another  species.    A  ,-;eneral    rile  nay   be 
made,   however',srow  the    organisms   sever  .1  successive   times 
upon  the    0 jtimiim     fluia  medium.    At   least  t^iree    transfyra 
should    oe  made.    Tht    .growth  should   take   place   at   tiie   op- 
timiu'i  temperature   for   -he    ^articular     species    of  or^-an- 
ism  under  consideration. 
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Preliminary  cultivation  a&sure;  one,  then,  that  the 
cultures-  are  pure  (olaoed  out  twice),   rd  that  tie./  are 
in  excellent  condition  to  .:;ive  their  characteristic  re- 
actions ard  ^ro'-vths  upon  Cii-,  customary  media.  V,h.ile 
prcliininary  c  Itivatian  cr.nnot  ^urnish  conditions  as  they 
are  in  nature,  it  is  the  uet^t  tnat  ca--  be  done  with  our 
unnatural  -artificial-  media. 

Seedin,i  Cultural  i.^edia. 

.leaia  are  sceuea  prei'trably  froia  I'luld  media  rather 
than  bolid  media  oecause  other  thin^b  beiii;^  equal,  the 

growth  of  bacteria  ia  nor-,    luxuriant  in  fluid  media, 

the  bacteria 
and  are  more  or  les£  equally  aistriouted  in  a  fl^^id  med- 
ium. Hi-nce^  if  one  removes  an  oese  of  culture  from  (say) 
a  oroth  tuoe,  after  shaking;  the  same  carefully,  one  'viil 
be  aoie  to  duplicate  the  quantity  r  moved  uy  ta-cin,^  out 
anoti.cr  oese  of  mate  rial.  On  the  other  hand,  if  one  rem- 
ovec  an  oese  from  a  slante  <   surface,  one  will  not  oe  aole 
to  remove  anotiier  oe^e  or  at  least,  several  ocs-^s  each  con- 
tainin..,  relatively  the  same  numoer  of  orr^anisms. 

If  approximately  e  ual  amounts  of  culture  are 
added  to  each  .:ediJjn,  the  resulting'  <-roMrtiis  v/ill  at  least 
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have  the  advantage  of  bein^  reaaily  secdeci  at  the  ctart. 
ir  one  wishes  to  compare  ^^rowtns  at  di:rerent  tines,  the 
more  factors  one  can  have  tiia^  are  i^asoxiably  constant, 
tne  more  nearly  comparable  the  results.  The  iurther  advan- 
taj^e  in  using  a  fluid  culture  as  the  source  of  the  inoc- 
ulating material  is  that  one  can  make  plates  mor<  readily 
with  a  liquid  mixture  than  if  one  had  to  eiraileify  the 
solid  cjrowth  and  ;ise  tiie  emulsion. 

One  bhoulJ  use  a  platinuiri  eedle  instead  of  a 
loop,  except  in  rare  instances;  if  one's  cultures^  are  in 
good  condition,  enough  material  will  be  removed  with  the 

needle,  and  when  one  comes  to  sterilizing  the  platinum, 

is 
the  unsightly  spattering,  which^of  necessity  an  accompan- 
iment in  h.sty  sterilization,  is  avoided  by  its  use. 
Slant  cultures  are  more  constant  in  their  characters,  and 
much  mort  characteristic  and  les^  spreading  if  the  needle 
is  used  in  preference  to  tht.  loop.  Finally,  great  oare 
must  be  taken  to  sterilize  the  desV:  after  one  has  ster- 
ilize >.  a  loop  in  the  flame.  The  spatterea  mat-erial  may 
contain  oacteria  which  are  not  liilled,  and  which  if  left 
uvOu  the  desk  woula  dry,  and  oecome  disseminated  through 
the  air.  It  is  quite  possiolc  that  some  of  th-L  enexplain- 
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ed  laboratory  inrections  nay  oe  due  to  ncgli,_^ence  of  this 
kind . 

Ccrtaii'  other  urccautionc  were  also  taken.  The 
cotton  plvi^^c  01   tuccs  ^^erc   alwa.ya  burned  off  to  insure 
the  removal  ol"  duct,  sporei.  of  bacteria  nd  of  moulds. 
The  lioE  of  tuocs  were  flaii.ed  oefore  a  needle  ^vas  intro- 
ducca  into  them,  or  oefore  any  culture  was  removed  from 
ti:em.  Finally,  the  needle  was  never  introduced  into  tij.e 
stock  culture  after  nakii^^  an  inoculation  into  another 
tube,  without  its  Dein^  resterilised.  One  may  oy  Bone 
accident  or  oversij^-ht  have  a  contaiiiinated  tuoe  into  v/hich 
the  inoculation  was  inade;  the  contaminating  organisms 
would  oe  transferred  oack  into  the  stock  culture  unless 
tiie  aoove  precaution  were  taken.  Attention  to  these  de- 
tails tOi-ether  with  the  policy  of  incubatir^;  all  media 
(except  /;c latin)  in  the  thermiostat  will  in  the  ^-reat  ma- 
jority of  cases  prevciit  contaminations,  and  ^^ive  results 
which  will  oe  as  uriform.  in  character  as  the  present 
methods  will  permit.  Scrupulous  attention  to  minor  details, 
while  involving  a  consiaeraole  expenditure  of  time,  is 
more  essential  in  Dacteriolo<^y  than  in  almost  any  other 
field,  if  one  expects  to  (jct  trustworthy  results. 
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I'iochemical  Characteristics. 
Fennentation,  Indol,  Nitrite,  Free  Airunonia  Prod-action. 

Theobald  Smith  wab  tr.e  pioneer  in  exact  fennen- 
tation work  at  applied  to  oacteriolo  ical  research.  He 
pointed  out  (7),  (3),  t.  at  iour  important  facts  were,  to 
be  learned  by  a  judicious  use  of  the  fermentation  tube. 
1.  gas  production. 

2-  gat  ratio;  relation  of  carbon  dioxide  to  otha-  _^ases. 
5-  acid  production;  acia  fei-mentation  of  cai-boh-":'rate 
without  the  production  of  ,:;as  . 

4-  anaerooiosie ;  the  aoility  of  an  organism  to  g^ow  in 
an  tmosphcre  practically  devoid  of  at3Tioc>phcric  (free) 
oxygen. 

Dr.  Smith  emphasizes  the  factors  aoove  emr^.er- 
ated  as  being  of  constant  occurrenc   in  certain  oacteria, 
hence  of  diae^nostic  iiaportance  in  oacteriolo.-ical  diag- 
nosis and  classification. 

In  his  aamiraole  p  aper  attention  is  airected 
to  the  fonn  and  uirxjisions  of  the  fe mentation  tube; 
tiiese  particulars  have  much  to  ao  with  the  success  or 
failure  of  the  resultt^  outaijied  oy  their  use.  The  bulb 
snould  be  of  sufficient  size  to  hold  all  the  liquid  in 
the  closed  arm  in  addition  to  that  alre;;d.y'  present  in 
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tlie  bulb;  there  should  oe  a  constriction  between  the 
closed  arm  and  the  uulo(  the  neck)  and  the  an^le  suoten- 
ded  oetween  the  closed  arm  and  the  bulb  should  not  ue 
too  .£;reat  (too  acute)  or  difficult;/  will  be  experienced 
in  xillint:;  a^d  cleaning  the.  tuoes. 

In  addition,  it  S;.nuld  be  noteci  that  the  constr- 
iction at  the  'neck'  aire :dy  alluded  to  should  not  oe 
too  snail,  or  one  cannot  fill  the  tuoes:  onthe  otiier  hand 
it  should  not  be  too  lar<se,  in  '7hich  event  the  an-:erobic 
conditions  becorce  unreliaole. 

it  is  clainea  that  methylene  Dlue  and  litmus 
will  remain  pern:  ently  decolorized,  as  lonj  as  there 
are  no  air  duodIcs  in  the  closeu  ana.  Ai.  soon, however, 
as  air  cubbies  .-;et  in,  there  is  an  iiiu":euiat&  oxidisation 
of  the  dye  with  -^   returj'  of  color,  (change  of  tiie  leuco- 
dye  Dy  oxidisation  to  the  colorea  product). 

If  extreme  precaution^-  are  iised,  varticuiarly 
by  heating  the  tubes  in  xlowin..;  steam  just  oefore  usintS, 
one  Fxay  oe  sure  that  anaerooic  conditions  will  obtain, 
provideu  that  the  tubes  are  of  tne  proper  dimensions  and 
form. 
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Anaerocic    conditions    in  the  closed    arm. 

Witia  tiie   fennentation   tuoes    in   ordinary  use   aanong 
bacteriologists,    Uiat   is   to  say,    the   tuues   offered   for 
sale   by  the  majority  of  nanufacturers,    there    is   usu;lly, 
iui.-iediately  after  sterilisation, no   dissolved    oxygen   in 
the   closed    ami.   Atir.ospheric   air    (and   nitrogen)   v^m, 
however,    tend   to  diffuse    in;    there    is    a  free  surface   of 
liquid   in  the    bulo,    and   tiie    liquid    is  uns:^turated   -/ith 
the   atiriospheric  ^-^a&ea-.    Air  '7111  de   di-solved  ixntil   the 
partial  pressures    of   the   oxyi^en  and   nitrOi^en  are   the  same 
in  and   out  of  solution;    the   amount   of  eac;:  dissolved  will 
depend   upon  the   partial   pressure,    tenijer  ature,    etc. 
As   soon     as   oxy.^en  is   dissolved    in  the    oulo,    inhere  ^viil 
be   a  conaition  of  affairs    buch  that   one   portion  of  a 
fluid   has   dissolved    in   it   a  soluble   substance,   while   the 
other  portion    (closed   arn)    is   deviod    of  tjie   dissolved 
suostance.      The   equilibrium  will   be   finally  established 
by  the   diffusion  of  oxy^^en    (and   other   atmospheric  teases) 
into   allportions   of  the   fennentation  tube.    This   will  mean 
that  there   will   be   oxy^^en  in  the   close,   arm. 
The   amount  of  dissolvea   oxy^^en;    the   coefficient   of  aosor- 
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ption  in  ^.vater  (or  orotii)  is  0.02G. 

tiiere  is  in  atmobpheric  air  aoout  20  /b  oxy.^^en.  hense  in 
100  00.    or  broth  there  iviil  be  (leavin^;  out  tciaperature, 
baronetric  pressure, etc )  about  0.026  x  20  ,o   x  100  =  0.52 
cc.  of  dissolved  oxye^en.  The  closed  anri  contains  from 
17  to  25  cc.  of  fluid,  hence  there  will  oe  an  appreciable 
amo- nt  of  oxygen  in  the  clocoa  arm;  a  lar^^e  quantity 
when  one  considers  ti-e  size  and  consequent  individual  ne  d 
of  a  oacteriuin.  There  in,    then  after  a  lon,-i;er  or  shorter 
tiiue,  a  raeasureaole  atiount  of  o:'::/i^en   in  the  closea  arm 
of  the  fermentation  tube,  where,  theoretically,  there 
snould  be  anaerobic  conditions,  lack  of  oxy.jen. 

In  the  bacteria,  as  in  all  livinfj;  thin,-s,  there 
is  no  hard  and  fast  line  oetween  any  two  similar  character- 
istics, but  one  ^ets  all  .gradations  between, al thou  h  the 
majority  way  be  the  one  or  the  other.  The  same  condition 
holds  with  respect  to  growth  in  the  closeu  arm  of  the 
fennentation  tuue;  tiie  majority  ^^row  well  or  not  at  all 
in  this  place,  but  there  are  forms  which  at  times  shov/ 
a  decicud  growth,  at  other  times  show  no  tjrowth,  and  this 
(5roup  is   variable  one,  ooth  with  respect  to  the  differ" 
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ent  species   at  the  i-aint   tine,    and   tlic   tame  species   at 
different  tiiaes.    It   is      precisely   this    rather  large 
group  of   oacteria  that   cause  confusion  by  tlieir   oehaviour 
in  the   closeu   ann.    .  epeatcdly  I  have   noted   this   p   enom- 
enon,    that  a  species   would  ,;row   fairly  Tfell    ii    one   tube, 
ana  at   another  tine,    while   tuc   conditions    are   nearl  y  the 
same,    tjie   or.;anism  will  not  ^row   at  all.    The    explanation 
is   prooably   the   one    elucidated   aoove,    the   variations    in 
the   aifiouiit   of  oxy^^eii  at  different   tiiTies    in  the    closed 
am.    Since   the   i^ro^'tn   in  the   closed   arm  is   taken  to  laean 
the   capacity  of  an  ore^ani^n  to  ,^roiv  anaerobically,    on© 
should  make   the   test  under  the  inost   favoraole   conditions, 
paying  especial   attention  to   the    recent  sterilization. 
las   Production   and   Gas   Ratio. 
.'ost   oact<- riolo^i-ts   are   faiailiar  with  the   variations 
in  the   ainoimt  of  gas   producea    oy  a   certain  kind   of   oac- 
teriuiTi  at   different  times, even   if  t>.e   culture   hat.   had 
the  same   prelininar?/  cultivation,    and    it   is   grown  upon 
the  saifie   kind   of  mediiun.    These  sane  variations   riay  also 
appear  if  one   determines    the  ^as    ratio. 
Some    oacteriologists    ciaim  to   obtain  constant   res  ilts 
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both  ^vitii   resjcct  to  ^;as    ratio,    and   total   ^ab    ->roauccu . 
There   are   two  explanaoions   po'^siolc    oi"  the   variation   in 
r;as    ratio:    either  the   on^aniiiin  I'oriiit    caroon  dioxiae    (bol- 
uole    in  cauttic   solutions)    and   .^as    insoluole    in  cauttic 
c-olutiojis    in   dilTerent   relative   amounts,    at  diiiVi-ent 
tines,    or  else,    ana   this.-    is  more    reaeo:  r-ule,    the    relative 
diiTusioilities   or  the   t^aseb    li^iincipaliy  hydro.-en, car- 
oon dioxiue,    ana    occa&ioiaiiy  r. ethane)   aetern.incs    ohe 
ratio,    nydro^^en  dii'i'useb   -"/itii  much  ,-reatcr  rapidity  than 
other  ,^aseb    li}:el.-  to    oe   rornied   oy   bacterial   activity; 
i£  txie   determination   :.e  inaae    while    ^acterial   activity   it 
at   its   heitjht,    one   -vould    a  priori   expect  difi'ercnt  values 
Tor    jab    ratio   than   ii'   tiie   determination  wei-e  made  bome 
time   arter  the   action   ceased.    'Vc   have   not  only   the   aii'- 
I'evence  due   to   dixfusion,    out   also   the   question  or   react- 
ion  eetween  the    carbon  dioxide   and   any  chemical   productb 
that  mi  ..ht   be   formea,    and   Tin-illy,    the   question  or   relat- 
ive  bolubilities ,    Such  a  lar^^e   jiui.'iLer  or  variai^lee    will 
amplv   ex, lain  the   discordant    results    obtained   irom  time 
to   time,    and   justify  one's    qucstionin;^  the    value    or  f-?;as 
ratio   'ind    the   total   ;i]-^.ount  or  ^as   Tormed,    as     ■    criterion 
roi    the   diri'erentauion  or   oacteria. 
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Acid    Production   in  i^'ermentatiori   Soluoions. 
Many  bacteria  i/uicii  do  noo   Tennent  t^accharine   soluo- 
ions   witii  th.     production  of  ,i-;as   will   never  the    less   act 
upon  trie   caruonydrate   producing   acid.    This   leature   has 
oeen  made    one    of  t::e   criteria  Tor  division  of   bacteria 
into  groups    oy  ir^any   oacterioloKi-ts . 

■  'cat' juice'    or  1:6 at  extract   arc   used    in   feriien- 
tation  solutions,    and   together  with  peptone,    furnish  the 
nitro^-^en  from  which  t  e    oacteria  inay  aerive   their  nutri- 
ment.     During  the   proceed    of  nakin;];  raeuia,   most  of  the 
proteid   or  the    meat    \;Uice'    it    coai^ulated,    but  there    is 
a  small   awouj  t   left;    this    amount   d. pends   probably  upon 
the    reaction   or  the    finished    product,    ana   exists    as   acid 
alouninate,    because   t\\e  s:  cchariiie   toluti-ns    are   always 
slit^iitly  acid.    The  meat  extract  on   tiie    other  hand    contains 
relatively  small   amounts    Ox"  nrottid,    but  much  creatin, 
xanthine    oaset    and   a  lar;;e   amount   of  sodimii  chloride. 

Before    discussing  the   oearin,-;  of  the   composition  of 
the   fermentation  solution  uoon   its   value   at   a  medium   for 
bacoerial  dia^-nosit,    it  will    oc  v/ell   to   define   clearly 
the   four  fj-reat   actions    of   oacteria  upon  organic   material 
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buitaole    Tor  their  growth. and   nutriment. 

These   actions   ac   ordinarily  co .sidorcd   are; 

1-  hi'-dro lytic   splittine,    v/itn  a  i.\ioscqv.e o.t   ortalcia;  of 
the  molecule    into  simpler  nolecules,    after  auain.-  on 
hydro&en  and   oxygen  in  the   porportions    to   form    -'ater. 

( SoiTietiJ'.ey   there    is   apparently  a  reversal   of  this    action, 
witji  a  reforming   of  the   ori,-;inal  molec-ilo,    ets    occurt    in 
the   action  of  inaltaee;   maltose   is    refor.-.ed   from  two  mole- 
cules  of  aextrose). 

2-  oxiuisation  of  methyl  groups   to   caruoxyl  groups. 

3-  fcplittin,;  off  of  carboxyl  groups    as    carbon  '.Uoxide. 

4-  splitting  off  amino   nitrogen  as    free   riiniaonia. 

The   final   reaction  wV.ich  oDtains    in  an  organic   solut- 
ion in  which   uacteria  have    oeen  growijig  will   aep€  rd    upon 
the   relative    amount-     of  acid   or  alkalai   produceu   during 
the   period   of   incuoatioii   of  the  culture.    The   changes    in 
coinpo5iL,ion  of  proteid   substances    uy   uacterial   action 
are    relatively  greater  t-han   in  any  other  pabulum.    The 
v^st  ma^.ority   of   o^cteria  will   act  upon  proteid,    and 
produce   de.  p  seatea  changes,    and   as   a   rul^  ,    the   alkaline 
products   predominate   in  the   end   prodvcts. 
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Tiie   end   products    referr  fi   to   iji   tii^.    last  parar^rapii 
cannot   out   oe   ol"  considt  raole    irr.portance    i.i   connection 
with  the    action  or   bacteria  upon   carooiiyu rates.    If  the 
bacteria  act  upon  the   proteid    and   produce   ^.Ikaline    orod- 
uctu,    and   at   the    Laint    time      ct  upon  the   carboiiydrate    and 
produce   acidfc,    the   acid   and   alkaline    compounds   "/ill   terd 
to  neutralize    ore   another,    ap.d   unless      careful   cJir^Bical 
analyses   are   nade ,    it  will   oe    impossiole   to   tell   what  por- 
tion or   ohe    end  prod  icts    ar-e   Troni  the    carbohydrate,    and 
what  came    fror.  the    oroteid.    This    is    a  terious   objection 
to   tiie  use   of   reaction   in  sacc^  arine   solutions    in   oacter- 
ial   classification.   We  have    alread  ■   seen  that  the   predom- 
inatino  suostance-     reir.iltinr;   from  tiie    u:-cttrial   decom- 
position may   oe   alkaline,   while   the    jaroohydrate   ,-;ive 
rise   to  acid    products    in  oacterial  decoi;iposition.    There 
is    another  phenomenon  H'hich   is   frequently  observe n,    nam- 
ely that   tiie    closea  arm  of  t;;e   fennentation  may  be   acid 
in   reaction,    while   the    oiilo  may  be   acid    for  a   a  ay   or  t^vo, 
t.l:en   Decode   alkaline. a'iie    lon,;er  such  a  tiioe    is    allo^ved 
to    remain   uefort    testing  tlie    reaction,    th.    more    allcalai 
there    is   produced    in  the    Dulb   and   the    less    acid   the    re- 
action  in  tiie    close  1   arm.    Guviously  the    re  \ction  which 
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one  outains  ^vill  deoent  upon  the  tine  at  ^7hich  the  aeter- 
mination  is  i^sade,  and  tiie  jortion  of  ir^eaiiun  rror.  wiich 
the  determination  io  reckoned.  If  the  portion  in  the  ari:i 
ue  chosen,  the  reaction  will  be  acid,  while  it  may  be  al- 
kaline in  the  bulo.  The  -;re-itest  care,  then,  inu£t  be 
taken  if  one  records  the  reaction  of  a  baccr.arine  solut- 
ion to  state  'heti-fcr  the  portion  for  .analysis  •vere  taken 
froia  the  cloted  arm, the  duIo  or  "■.  i.iixtuie  of  the  tv/o. 

If  one  uses  a  ferr.entation  solution  made  without 
either  meat  juice  of  i;;eat  extract,  ana  adds  peptone  to 
furnish  the  nitro.sen  for  bacterial  .^growth,  one  will  elira- 
inatt  raany  of  the  aciu  and  alkaline  or^janic  compounds; 
for  some  reason  t:.iat  is  not  perfectly  clear,  peptone  does 
not  ordinarily  j;ive  rise  to  any  considerable  amounte  of 
acid  ana  alkaline  products  when  acted  upon  by  bacteria. 
A  fermentation  r;ediun,  tiien,  composed  of  sufj-ar 
and  peptone  will  amply  tuf^ice  as  a  food  for  D:cteria; 
the  organic  acia  and  alkaline  coia  ;0unas  will  oe  reuuced 
to  a  minimum  as  far  a*-  the  peptone  is  concerned,  and  the 
resulting  reaction  will  mere  nearly  depena  upon  the  char- 
acter of  the  action  of  t"  e  oacteria  upon  the  caroohydrate, 


mllmn 


-  _     >i#«f*M«s(Oo  VWJ  ©*  •«*^  3vi     xiltpnlfnc  Jon 


-44- 
Ix    there    i!^    a  derinite   acid    reaction,    one  will   be   qixite 
safe   in  assurriinci  that   the   aciu  was    iornucl   ae   a   result  of 
tjie   oacterial   action  ujon  the   saccharine   constituent  of 
the  mediiuii.    Finally,    it  fciiouid    oe   statea   that  the  na.iority 
of  the    oacteria  -Yill  f^row   readily  upon  thit   nediuii.    All 
oacteria  tjiat   i  have    investigated,    over  a  hundred   species, 
grow  quite   as    luxuriantly   in  tiiis   me^iiin  as   they  do   in 
the   fermentation  mediiiin  as    it   is    ordinarily  coinpounoed. 
There    is    in  a  good   sainpie   of  peptone,    practically  no   fer- 
mentable suostance;    one   does   not  have  to  prepare    "su^-ar- 
free"   inedia,    introaucin^-  variable   cunounts   of  the   decom- 
position products    of  the   colon   oacillus    if  one    employs 
the   peptone  sU(3-ar  medium   instead   of  the  meat   juice   pep- 
tone  carDolx/urate  nediura. 

Concernina  the   amount   of  earuohy urate    added  to 
a     fermentation  solution;    it   is    a  well  kno-vji  fact   that 
carooii.ydrates   produce  ^^reat  osmotic   pressures    in  solution. 
The   bacterial   ccil   is    a  t-ejnipermeable   raeiaorane.   V/e   .-ave 
ideal   conditions,    then,    for  the   osmotic  pressure   to   oe 

manifested   upon   this   jiiemotane.    Appert,    tue   Frenchman  who 
introduced  tiie   art  of  conser'/in/^  various   perishable   foods, 
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emoloyedl    ratlier  con-^entrated   saccharine   solutions    Tor  this 
r.eaiis :    the    bacteria  preexistin.;   in   the  matei-ial  were   not 
killed,    at   least  for  some   tiiat ,    out  were   prevented    from 
growth  by  the   aostraction  of  v/ater  fron  their   interior. 
This  was    a  true   c  se   of  plasjnolysis . 

The   same   possiDiiities   exist   in  the   case   of  fer- 
mentation media  except  that  tjie   concentration  of  sugar 
is   not  nore  than  2  /o    vhereas    it  was    aoout   10  ,0  in  tjie 
case   of  tji€    precenz-es.    One   percent  of  any  suj^ar  is   anple 
for  the   aetermination  of    the   various    characteristics   of 
bacterial  action   in  such  material,    anci    it  would   be  much 
better   if   Dacteriolo.^ists   wouLii    adopt   the   lower  stMndard 
when  making  their  jiiedia. 

The   ability   of   oacteria  to  withstand  the   plas- 
molytic     ic-tion  of  su^^ars    is   very    -ariciDle.    For  example   I 
found    an  or^^anisin   in  sut'ar  \i\  Louitiana  which  Tould    not 
onl/   grow   out  grow   luxuriantly   in  saccharine    media  where 
the   su-jar  content  was    as   hi^^h  ae    lb  percent.    Iji  one    in- 
stance   the 'clarified    Juice',    that   is,    the   juice    of  the 
sUijar  cane  which  has    oeen  treateu  with  lime   to   remove   the 
nitro-,enous   material,    settled,    and   the   clear  liquid   drawn 
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Oif,  "vas  btorea  in  a  tan:  holdings  aoout  4500  gallons. 
'i'he  fires  were  aU.o'.7ea  to  rio   down,  ana  tlae  juice  could 
not  be  treated  at  once;  during  forty  ei^iit  hours  the  en- 
tire mass,  ivhich  only  two  days  oefore  was  as  iii.pid  as 
water,  uccarae  a  elir.y,  sour  tmellin^  viscous  fluid, due 
to  the  cj-.anje  of  the  saccharose  to  a  carooh/drate  closely 
related  to  the  starches  a- d  calleu  dextrane.  The  concen- 
tration of  sujar  in  the  first  inst  nee  '.vas  aoout  15  per- 
cent. 

On  the  other  hand,  certain  ortjanisias  can  ot  live 
in  concentrations  of  as  nuch  as  2     percent. 

To  suifiuiarize  what  nas  oeen  baid  aoout  the  fermen- 
tation tuuc ;  it  must  rave  a  aefin  te  construction, partic- 
ular attention  oein,,  paid  to  ti.e  relatione  of  the  capac- 
ity of  tiie  bulb  the  constriction  of  the  neck,  and  the 
an,^le  suotende  <  oetwcen  tiie  closea  arm  and  the  bulD. 
The  f^as  ratio  and  the  amount  of  c;a&  prodiiceo  are  unuer 
ordinar^/  conditions  suoject  to  considerable  variations. 
The  question  of  anaeroi:ic  condition  in  the  closed  arm 
is  suD.Tect  to  variations  ;these  variations  car.  be  contro- 
llable if  nc  takes  the  orecaution  to  eterilizc  tiie  tuoes 
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iminea lately   oefore   use,    to   drive   ofi'  all   the   dissolved 
oxygen.    The   reaction  aepenas   upon  the   time   at  which  the 
ODservatiOi:   is   made,    and  upon  the   relative   ar.ounts    of 
proteid    (al.  umiiious )    -.irci    carooi^/aratt.   suDstance   there   are 
in  the    bolution.      Finally,    the    relative    luxiiriajice   or 
t^i'owth.   between  uifferent  species    is,    other  thini_;t    oeing 
equal,    a  direct  expression  of  their   relative   aoility  to 
resist  the   plasinolytic   action  of  the    cu^'irs,    and   their 
auility  to   derive   tjieir  nutrirxnt,    particularly  v/ith  re- 
spect to   carbon,    frori  the   carDohydi-ate . 

The  writ-er  hr:s    oeen   in  the  jinoit  of  using  the 
fen  entaticn  tuoe  merely  at    a  convenient  means    of  demon- 
strating- ti:e   ^as   production  of  bacteria.    The    question   of 
anaeriobiosis    it    determined   by  gro-,7ineC  the   organisms 
in  some    inert  ,-ay,    as  hydrogen;    if  one   adas    litmus    or 
metiiylenc    blue   to  such  a  cultuie  medium,    the   uye   '-vill   be 
decolorized    if  the   conditions   are   strictly  anaeioi.ic. 
One   has,    then,    an  absolute   check  on  anaeriobioeis, ;  otji 
with  recpect  to  the   absence   of  oxygen   und   the   growth  or 
lack  of  ability   to  grow  on  tjie   part   of    the   organism. 
The    reaction   is    best  determined    uy  direct  titration  of  a 
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inedium  Iiavin,;;  the   same    corpofcition  ab    tiie  nedium   in  wl^icli 
oacteria  are  grown   in  the    iernenta.ion  tuoe.    In  the    react- 
ion dt ternination,   however,    the   tuue    er.ployea    is    an  ordin- 
ary test  tuoe,    eo   ti.at  ail   diiTcrences    in  reaction    oetween 
the    Dulb   and    cloeed   arm  will  be   eliminated. 

The  writer  j.a-    alfao   devised   a  femcntatinn  nedi'vim 
b^rsea  ui^on  the    'seird -solid '   r^ediu;     oi'  Hiss.    This  rfifedium 
hat   the   lollowini-j  coi  .position; 
peptone,  10  t^raini^ . 

carDoliydrate,  10  gramb  . 

v/atei,  1000  ouDic   centimetres. 

at','ar,  6  grai.i&. 

litmub -jaadea  until  a   laint   olue   color  obtains. 
Thib   iV.eaiiuri  is    intended   to   sho^v  pi-esence   or  aosence   of 
,;ae    production,    anu  the   reaction  of  a  uacterium  upr.n  any 
carboi^urate    in  Wixich  the    or^saniKJu  ..ay   be   r^ro'vn. 
The  mediim  ie   viscous    eno'v^h  to   prevent  the  escape   oi* 
gas    DUDoles,    thin  enou^jh  to  have   alm.ost  all  the   advantages 
of  a   liquiu   medi'un,    and    finally  to   allow   one   to    determine 
at,  any  time   tlie    reaction   of  the   culture. The   ob;.ection  to 
this   meaiui::   is   that  some    oacteria  'viil   reduce   the    litmus. 
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•I'hie  difficulty  laay  be  overcome  by  the  add  it  ion  of  frefch. 
litihus  at  the  time  the  final  deteminatior  of  reaction 
i'^   made.  A  large  series  of  coinparative  te^  ts  have  ueen 
made  using  thib  solution  ana  the  rei^ulation  fernentation 
eolutioi!  in  fenueiitation  tuues,  and  with  the  exception  of 
bi.owin,"  the  anaerobic  relatione  of  the  bacteria,  (v'hich 
are  mort  or  lets  inconstant)  iias  checked  up  rerr.arkaDly 
v/ell.\7iththc  fer:  cutr-tion  tube.   The  reduction  of  the  lit- 
mus is  an  importart  point;  man./  bacteria  reduce  litmus 
constantly,  while  others  iiave  in  apparent  reuucin;;  power. 
Indol  .'roduction  and  Detection.  • 

Indol  it  one  of  the  'urinary  decomuosition  products • 
of  proteid  aecompsition;  it  may  be  obtainca  by  the  action 
of  certain  chemicals,  digestion  or  the  action  of  certain 
spccieb  of  bacteria  acting  upon  proteid  material. 

Inaol  is  comparat,ively  easy  to  demojistratc  in  bolut- 
ionsj  it  is  produce  '  by  many  speciei.  of  bacteria,  Inxt  not 
all,  ana   is  consequently  used  ai-  a  conf innative  test  for 
certain  bacteria. 

Methods  for  Detecting  indol. 

Cuitiiral  Eiedia  of  two  sorts  are  used  in  the  indol 
test;  one  a  sugar  free  oouillon,  which  is  simple  oouillon 
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made  in  the  usual  ?ray,  and  to  which  a  culture  of  3acill-.is 
coli  h  b  Of  en  audea  and  incuiiatei  over  ni^^ht  to  act  upon 
the  carbohydrate  that  may  oe  present;  the  oouillon  is 
sterilised  a--ain,  nd  in  t/-is  condition  is  fret  from  sugar. 
The  other  is  the  socalled  Duniiron'e  solution.  It  iu:  com- 
josed  Oi  one  percent  peptone,  to  v/hich  ha^  been  added 
one  half  percent  of  salt.   .  Many  uacteriolooists  jrefer 
to  make  tlie  Duniaam's  sol  r.. ion  \7ithout  s.slt.  The  salt  is 
adaed  apparently,  to  facilitate  the  solution  of  the  pep- 
tone, axid  with  our  modern  peptones  thi-  step  is  quite  un- 
necest-ary. 

The  medium  must  in  an  ■  evenz   be  fre?  froi;;  carbohydrate 
or  other  reduciii,;  suost-ince,  uecause  such  suostances  pro- 
auce  decomposition  products  '.v]..icj;  are  iniri  cal  to  indol 
forruatiou.  There  is  div-.  rsity  of  opinion  as  to  the  action 
of  carooh'/drates  and  sii-ilar  suostances  U'.on  the  pi-oduct- 
ion  of  indol;  some  claim  that  the  sU;£;Qrs  rjive  rise  to 
acidt ,  whicli  prevent  the  fonnation  of  indol,  others  make 
the  assertion  that  the  inaol  production  is  essentially 
a  piocest  of  reduction,  and  that  the  carbohya rates,  bein.g 
more  eacily  reduced,  prevent  the  characteristic  action 
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takiUfi  place. 

Chemical  rTopertiet  of  Indol. 

Indol  iias  t}  e  forrula:  /    \ ."  it  -vill  be  seen 

that  it  is  a  ccndenEa.tion    "V     \dH  product  of  a  ben- 
zene ana  a  pyrrol  i  int^.  There  ib  another  posbiole  formula, 
an  ibomer,  of  indol;  in  which  the  hydro jen  of  the  iniao 
group  occupies  a-  position  adjacent  to  the  nitrogen  in  the 
oyrrol  rin^,  thus;   .   ~y- ^    this  coir.pouna  is  called 

\  K  J " 

isoindcl.    Its    y^rop-     \,^    ^J^  erties   are   not  \7ell  known, 

anu    it  seems   prooa.  le   that   it  has    little   or  no    importance 
in   DacteriolG(;ical  work. 

Indol  sivcs   certain  characteristic    reactions; 
1-  '-7hen  heated   slightly  v/ith  picric   acid,    it   forms    lon^j 
red  needles. 

:•;-  many   indol  derivatives   give   a  cherry  red   color  v/hen 
ti.cir  fumes   are   allov/ed   lo   play  upoji  a  pine   thavinf^  mois- 
tened  witli  concentrate<i   hydrochloric   acid.    The    com  ound 
liberated    is   pyrrol.    An  alcoholic   solution  of   indol  will 
f^ive   the   sa]7ie    reaction. 

3-   indol   crystallizes    from  v/ater;    it   is    rea.iily  volatil- 
ized  from  an  aqueous   soliJtion. 
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Pinaily,    inaol  gives   Legal's    reaction;    if  a  eoLution   con- 
tainint^   inaol  be   treated  with  an   alkaline  solution  oT 
eodiuri  nitroprusside,    the  solution   i^econes   a  deep   i-edaish 
violet.    On  acidifyiiog  with  hydrochloric   acid   or  acetic 
acid,    the   color  changes   to  a   oliie. 

Indol   is    insoluolc    in  water,    solulole    in  anilin  and   alcohol. 
It  unites    reaaily  '.vitii  nitrouc    acia,    ronnin,^  nitroso-inaoi. 
Tills   t-aine   reaction  occurs,    if  the   sodium  or  potassium  salt 
of  nitrous   acia   are  \ised.    The    routine   test   for   indol   i^ 
based   upon  the   nitroso-inaol    re-  ction.    This    compound 
foiTiis    a  red-brown  color   if  treateu  with  sulphuric   acid. 
Tiie   test   is   carried   out   in  tht    following  manner;    one   adds 
to   a  DunJiain's   solur.ion   in  whicn   Dacterifi   have    been  ;;rown, 
a  drop   of  acid    (sulphuric)    for  every  cubic   centinetre    of 
culture;    if  a  red-brown  color  develops,    indol   is   present, 
and    in  addition,    the   or,^-anism  has    reduced   nitrate    to  nit- 
rite   i      the   solution.    If  no   color  develops,    a  cubic   centi- 
metre  of  0.2  percent  soaium  nitrite    it.    added.    If  row  the 
characteristic   color  develops,    indol    (not  nitroso-indol) 
is   present.lt   is    aosolutcly  necessary  to  nake   careful 
control  tests,    incuoatin,^-  then  with  the   culture   tubes. 
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There   are   four  ways    in  which  tjie    roove  mentioned   reaction 
arc   carried   out;    the    oroceedurc   varies    in  diiTerent   lab- 
oratories. 

1-  the    culture   and   the   acid   are   .x.oeu  to   100°   Cent,    upon 
the  water  oath. 

2-  the   culture   and    acid   are  heated   to   37°   Ccxit.    in  the 
tnerinostat . 

3-  the   culture   ana   acid   arc   kept   at   rooiu  tem^ernture, 
20"   Cent. 

4-  the   culture   and   acid   are  kept   in  the    ice-oox,    and   all- 
oweo.   to  becoine    'stone   cold'    beToK     testings- 

The   time   allowea   Tor  a    ,oeitivc    reaction  alt-o  varies; 
or  course  heat  facilitates    the    reaction,    aua   cold   to   a 
certain  extent   retards   the   sainc,    but   all   are   practically 
a,-:r<,  ed  tiiat  two  hours   at  tlic  jiiost  wil  i    sufiice  at  the 
lower  temperature,    and   correspondingly   lesc    tiin.e   should 
be   allov/ea   at  hi^^her  temperatures. 

Giniber  ana    Francis    (9)   have    introduced   a  modii'ication  oi" 
the   routine  method   for  testintj  for   indol;they  claiiu  that 
their  mouificati  in   increases   the  sensitiveness    and   sJiarp- 
ness    of  the    reaction.    They  proceed    in  the   followiutj  manner: 


mM  lum  lis  mm  mx  -i 

.asti  fSaw  ma 
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thc  nitrite  and  the  culture  arc  intiraitaly  mixed  in  the 
porportion  of  7  cuDic  centinetreb  of  culture  to  one  cuoic- 
centimetre  oi  sodium  nitrite  colution.  The  inixt;-r(  is 
Gtratificd  with  dilute  tulphuric  acid,  vrnere  the  two  lay- 
ers join,  a  red-brown  rint-;;  will  form,  which  is  tjie  indol 
test.  If  the  heat  of  reaction  is  ^^I'sat,  tjic  ilng  will 
forn  a  bit  further  up  in  the  solution.  Since  the  color 
is  practically  limited  to  <■   narrow  zone,  a  more  concen- 
trated solution  of  iudol  v7ill  obtain  than  if  it  were  dif- 
fused tiiroughout  the  wJiole  ai^ount  of  culture.  Concentra- 
tion of  indol  means  a  concentration  of  color,  ana  the 
test  it5  tJiereby  rendered  more  delicate.  Of  course  the 
test  not  only  Siiould  be  made  for  indol,  but  for  nitroso- 
indol  as  well. This  reaction  './ill  ^^ive  positive  or  negative 
reaain;5S  in  less  than  an  hoiir,  and  the  writer  has  found 
it  to  DC  er.inently  s.^tisfactory. 

Precautions  and  sources  of  error  in  makin.'i  the  Indol 
Teet. 

Great  variations  are  f  imd  to  occur  in  differciit  sam- 
ples of  the  same  brand  of  ne ntone ;  one  sample  will  t^ive 
ei:cv.  lient  re-ults,  v/hilc  another  sample  will  be  founa  to 
be  unsatisfactory. 
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One  sample  of  peptone  that  I  used  in  this  investi,_;;;;tion 
(t^ave  most  excellent  re-oults  with  the  indol  tcfct;  the  pyo- 
cyaneus  and  typhoid  cultures  t^ave  decided  reactions,  while 
ordinary  peptones  j^ive  at  De^-t  traces  of  indol  with  the 
sai:x  ort,anisii;&.  Peckham  (10)  has  found  that  Bacillus  ty- 
phoL  us  will  foria  peptone  if  a  peptoue  nade  by  pancreatic 
digestion  is  employed;  the  sample  of  peptone  referred  to 
above  jnust  iiave  had  the  sarae  substances  that  Dr.  i-'eck- 
ham's  peptone  c  v'ltained. 

The  practice  of  heatin,-;  the  culture  and  the  acid  is  open 
to  one  serious  objection:  the  acid  seems  to  cause,  even 
in  control  tuoec,  an  artificial  fonnation  of  the  nitroso- 
indol  reaction  at  times;  the  culture  in  which  the  or^^an- 
ism  is  ,-;ro'rn  may  at  the  same  tii.ie  show  no  sit;i-nb  of  indol. 
Gonccntratcu  sulpiurlc  acid  v/ill  produce  the  sa^ie  effect, 
and  one  should  use  dilute  acid, 

ComiLercial  sulpiiuric,  nitric  ani  hydrochloric  acids  are 
founci,  to  contain  traces  of  nitrite,  hence  only  cliejr.ically 
pure  acids  e..ould  be  emplo.-.-cd  in  determinations  of  indol. 
Certain  bacteria  not  only  reduce  nitrate  to  nitrite,  but 
carry  the  process  on  to  the  free  ammonia  stage,  or  even 
to  free  nitro  ,en.  Hence,  if  one  makes  a  test,  for  nitroso- 
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indol  after  tlie  cultures  have  cecn   incuoated  for  a  week 
or  nore,  one  is  apt  to  find  tliat  no  reaction  is  given, 
whereas  if  one  tested  the  same  solution  earlier,  a  very 
distinct  reaction  ^Tould  have  taken  place.  Llany  of  the 
3acillU!r  colx  cuiturtb  tested  ejave  the  Bame  result,  and 
two  tests  iiad  to  oe  made,  one  at  the  end  of  the  second 
day,  the  ox-he r  at  the  end  of  the  tenth  day. 

Sum;  ary ; 
In  order  to  ootain  the  oest  and  moe-t  constant  results  in 
testiivj  for  indol,  one  must  use  chemically  pure  acid; 
not  more  than  two  drops  of  concentratea  sulphui-ic  acid 
shoulu  DC  used  for  each  cubic  centimetre  of  culture  to  oe 
tested,  The  acid  should  oe  stratifica,  not  mixed  as  is 
the  ordinary  proceedure. 

Final  observations  snould  be  i;,adL,  at  the  end  of  an  hour 
and  a  half,  and  the  reactions  carried  out  at  the  room 
temperature. 

Control  tuoes,  whicii  i^ave   been  incubated  with  the  cult- 
ures should  ue  tested  for  indol  to  insure  its  aosence  in 
the  uninoculatcd  tuccs. 

Reduction  of  Nitrites. 
Many  bacteria  have  the  power  of  reducint^;  nitrates  to 
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nitritec^,    to   free   aiTinonia,    and   even  to   free   nitrc^en. 
In  ac-cual   practice,   tests    for  nitrite   and   free    aininonia 
only  are  made. 

The   solution   in  which  the    reducing  po\7er  of   bacteria  is 
to  be   tri' d   consists   of  one   jjra^n  peptone,    tv/o   tenths    of 
a  /^ram  of  cheiuically  pure   sodium    (or  potcissium)    nitrate, 
made  up   in  one   litre   of  nitrite  free  water. 
Since   nitrite---    and   free   amjr.onia   (for  this   solution  ans- 
wers   equallj;-  well   for  the   ammonia  test)   may  be   absorbed 
from  the   air,    one   must   always    incuoate   at   least   four  con- 
trols with  the   cultures    to   De    tested. Foi;i-  tuoes,    two   for 
the   nitrite    test  and    two   for  the   ami^onia  test,    are   taken, 
becau!-e   the   test   is   a  very  delicate   one,    and   one  must 
take   the   average   of  the    controls   to    insure  accuracy  of 
interpretin.;  the    results. 

The   amount   of  nitrate   is   determined    in  the  usual  v/ay; 
Dy  audin,:5  sulphanilic   acid    and   alpha  napjjtAylene  hydro- 
chlorate   to   each  tuDe,    one   cuoic   centimetre   of  each  so- 
lutioxi.    The   deptn  of  v^.olor  is   porportional   to   tiie   am.^unt 
of  color  present.    If  one  wiSi^es    to  make    the   test   q.uan- 
titative   one   may  make   a  set  of  standards,    anu   after  sud- 
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tractiJi^  the  amount  of  nitrite  in  the  controls,  detemine 
by  comparint^  the  depth  of  color,  zhe   exceed  in  the  culture 
tuues.  The  Muantitative  deteminations  are  of  no  value 
whatever  for  cultural  'vork;  they  art,  extrenely  variable, 
with  different  cultures  of  the  same  species,  and  with  the 
same  culture  at  different  times.  In  fact,  practicall-  no 
quantitative  detenninations  of  oactcrial  act,ivity  are  of 
value. 

With  certain  cultures,  one  t^ets  such  an  exceseive  fonnation 
ox  nitrite  that  an  actual  picci..itate  f oi-m^ ;  in  one  case, 
the  color  chan,^ed  pfter  s tannine;  fioin  the  usual  red  to  a 
pale  yellow;  I  found  that  Dy  dilutinj^  such  sam.^les  l/2c 
with  nitrite  free  water  that  this  phenomenon  ceased. 
Free  AmuiOnia  Production. 
The  same  solution  that  one  uset;  in  the  nitrite  reduc- 
tion test  will  also  be  suitable  r  o  far  as  composition  is 
concerned  for  the  free  ammonia  test;  one  incubates  con- 
trols ae  before  also.  The  test  foi-  free  ammonia  iu  car- 
ried out  by  adding  one  cuoic  centim.etre  of  lIesL:ler  so- 
lution to  both  the  culture  and  control  tixues.  Any  excess 
of  yello  w  color  in  the  culture  tube  indicates  the  ares- 
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ence   of  free   aFjnonia.    The   -o   ine   remarks   apply  to   the    quant- 
itative  deterriination  of  free   airjnonia  as   to  nitrite   re- 
duction. 

Phenol  production. 
i%enol   detenninations    are  made   by  some    oacteriologists 
as   a  routine   practice,    but  the    dfcennination   is   a   i-ather 
difficult   one,    a.nd   requires   special  media  and   distillation 
so   ordinai-ily   one   does   not  attempt   tliis   test.    There   are, 
hov7ever,    certain  points    involvea    in   the   act-ual   product- 
ion of  pixnol   by  bacterial   action  which  ill   strate   the 
character  of  bacterial   decomposition,    and   the   production 
of  pluncl   from  tyrosin,(the   probable   source   of  piienOl) 
will  be  chosen  as   an  example. 

Gelatin  contains  no  tyrosin,  anu  one  would  expect  a  pri- 
ori to  obtain  no  phenol  in  the  decomposition  of  fJC latin. 
Such  in  fact   is    the    case. 

It  v/ill  be   remcmiered   tjiat   oacteria  seem  to  act  by  split- 
ting^ off  amido  nitrogen  as    free   ammonia,    the    oxidization 
of  metlxvl  groups    to   carboxyl  ,;roup£,    and    finally  by  split- 
tin-i   off  the   carbox:/l  groups    as    caroon  dioxide. 
One   can   readily  obtain  tyrosin  oy  pancreatic   dij^estion  of 
certain  proteid,    and   ai-.    bacteria  have   been  shown  to   oro- 
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ducf    tyrosin,   we  will  start  with   thit    compound   and   show 

the   successive  stept:   whereby  phenol    it   produced. 

Tyrosiji  is    oara-oxyphcnyl-ainidopropionic   acid. 
^   CK^.CH.COOH 


\ 


^11 


the   ajnido  s^'oxip  spltie    OxTjforr.in^^  free 
amir.onia  and   p-oxyphenyl-propionic   acid. 
The   carboxyl  group  splits   off  as   carbon  dioxide  next. 
Tiiis    leaves   p-oxyphenyl-acetic   acid, after  the  methyl  group 
has    been  oxidized   to   a  carboxyl  ,-;roup. 
liext   the   carooxyl  ^roup  splits    off jfoi-nint^  as    oefore 
cai-bon  dioxide^and  paracresol. 

The  riethyl   ,^;roup   is    oxiuisea   to   a  carboxyl  group, ana   rem- 
oved  as   carbonic   acid,    and  we  have   phenol   left. 
The   followin^^  table  will   illut-trate   this   action, step   by 
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A  jietlioci  of  Tabulation  of  the  CharacteristicH  of 
Bacteria. 

(sec  a  preiininary  report  upon  this  L;ub:.ect  by  the  writer, 
Procet dings  of  the  Thirtieth  Annual  ii€ etinjjAiiierican 
PuDiic  liealtii  Associatir.n,  Dec.  1902K 

hveryO'ie  I'lust  oe  aware  oi'   tht  fact  tr^at  if  one  wisiies 
to  compare  a  series  of  data,  the  descriptions  will  be 
more  reauily  comprehxenciea,  similituaes  and  dis- imilations 
will  i-e  more  apparent,  if  the  quantities  to  be  coi;:pared 
are  expressed  by  numerical  '^ifnools   rather  than  o:/   v/rittcn 
expressions.   If  one  can  express  {syinoolically )  by  numer- 
als the  possible  variations  in  -Tro'vth.  forms  of  oacteria 
upon  tile  different  ciiltut'al  media,  and  if  these  nui'crical 
symbols  are  arran^ied  in  lo,-;ical  sequence  accordinf^-  to  the 
aifferent  media,  one  has  at  once  a  I'leans  of  rapid  coitipar- 
ison  of  description?  of  t'70  or  more  uacterial  species.  All 
th^at  is  necessary  is  to  arran^^e  the  data  to  be  compared 
so  that  like  char  icteristic^  bhall  be  placed  under  like 
characteristics;  the  identity  or  lacl:  of  identity  will 
at  once  uecome  apparent. 

In  order  to  malce  such  a  system  valuable  foi-  general 
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uacteriolOeiical  work,    one    L^iiould    uetemine   all   the   posb- 
iolc   variationb    of  t^rowti:  lorrao   occurriiiti    -'ith  all  the 
laeaia  eiaployed    in   Dacteriolo,,-iCGl    research.    To   these  var- 
j.ations   numerals    are   assigned;    if  now,    the   particv'lar 
^roTvth  forms   characteristic   of  a  particular   oacterium   oe 
arrant^ed    in  proper  order  unaer   ohe  nedia  upon  which   such 
descriptions   are   made,    einployin^;   in  this   coiinection  the 
numerical   equivalents    representing^  the   .7;rowth   forr.s,    one 
can  represent  numeric ally    (decimally)    the   description 
of  this   or^janism. 

The   teime    representing^  the   various    cultural   reactions 
must  confirm  to   certain  well   defined   bioloc^ical   principles; 
they  h.utt   oe   general   enou^^h  to   cover  the    sli^^ht  variations 
to  which  all    livin^  thin^^s   are   prone;    specific   enour^h 
to   differentiate   the   :oarticular  Cii.=iracteristic   from  all 
other  characteristics. 

If  to   terms   fulfilliMt5  these   conditions,    one   assij^ns 
numeral   equivaienibs,    such  numerals,    properly  clioscn  and 
arrant^ea  will   rinaicate,    in  a  very   a.  oreviatea,    coiicise   fom, 
the    reactions   of  any   oacterium  upon  tiie    different  nedia, 
quite    as   well   as    a  written  uescription  and   have   the  ,-:reat 
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advanta^ge   oi'  facilitating  com  arisons  witli  other  organ- 
ism EiiTiilarly   :  rran^jed. 

In  workiAj^  out   uy  exyerir-ent   a  tcries   or  tc  nis    i'ul- 
lilling  tiie   c-nditions   7iotea    aoovc,    not   only  must   the 

ariationa   occurr::ne5  at    a   result  Ox   fali,;;ht  dirferences 
of  j^rowth  rorin,    diiTerences  which  are   or   intensity   rather 
than  oi'  kind,    oc   taken   into   consia£rat.ion,    out  one  rrast 
albo   ree^ard   the    'personal   lactor'    or   individual    inter- 
pretation of   these   characteristics.    For  example,    anobser- 
ver  nitwit   re^^ard   a  eSiven  growth  upon   an  a-^ar  slant   as   fil- 
iforn,   while    another   inves-Gijjator  would   desi jnate    it   as 
an  echinate   j^rowth;    either  interpretation  wo; Id    oc    equally 
correct. 

We  have   then,    two  sets   of  descriptions    involved    in 
cultural   descriptions;    one,    slit-;ht  variations    in  the 
growth  foms    themselves,    the    other  sli  ji  t  differences   of 
opinion  as    to  tlie   proper  desi-jnation  of  t}.e   ^irowth   oy 
differe.it   ou&erv<rs.    The    latter  fact   is   the    "personal 
equation'    ir.e.itioneu   above;    oacteriolo^iists   up   to   the 
present  tine  have   paid   no   attention  to   this   very   iupor- 
tant  point,    althou.^h  c dentists   en^ja^^ed    in  Jieasurcirients 
of  precision  have   recognize      and   applied    it   to   tiieir  work. 
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astrononers  have   ..sone   bo   Tar  at   to  iiave  thifc    pergonal 
equation  workeu   out  and  Datheiu.-tically  expressed   Tor  cer- 
tain observations. 

The   fact   tn:3.t  these  variations    ao   occur   is   not  to    ue    inter- 
preted  as    indicating  anything  more  serious   tha/    another 
expression  of  the    biological   principle   or  vari'ition. 
In  ti.ic   dissertation,    attention  ha-    been  paid   to 
tjiis   very   iBiportajit   i'actor:    the   actual   demonstration  that 
tjiere   co^-ild   be,    and   actu.liy   are,    personal  variations 
was   dewonstrated    in  the    followiib^  manner.    A  series   of 
organisms  v/ere  ^rown  upon  tlie    customary   laoora-cory  media. 
A  niiriocr  of  stu-dents   m  ,dt    indivadual,    independent  ooser 
vations   of  these    cultural    uhenor.ena  anu    recordcu   their 
results.   At  tr.e   same   time   the  v/riter  liiaue   a  similar  ser- 
ies   of  ooservations    and    record^.a    r,i-^m  in  a  similar  manner. 
A  series    o-    taules   will   oe   found   appenue"    in  which  the 
results   of  these   ooservations    are   expressed    in  ti:.e   numer- 
ical  ivay.    In  -general   three   students  iriaae   observations 
upon  a  ^iven  set   of  cultures;    I  made  m^y   ouservations,and 
recorded   them   in   red    ink  so   that  one   could   easily  distin- 
i^uish   oetw.  en  the   different  sets. 
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The  value  oi  t,he  nuiaerical  ..'sten  of  recording  the 
cultural  characteristic&  or  uacteria  will  be  teen  by  an 
exajT".ination  oi  tiie  cliart.  One  can  see  by  ^^jlancin.;  over 
a  table  tiie  tsinilai-ities  and  variations  in  tiie  descript- 
ions ox'  oacteria;  i'jentity  ox'  clescripT.ion  (nuiiieralsl 
neans  identity  ox  characteristics, a;id  conversely.  A  final 
advantage  lies  in  the  fact  that  the  descriptions  are  or- 
aerly,arrayitred  in  a  definite,  l0;jical  sequence,  and  that 
incomplete  descriptions  cannot  be  ooscured  by  len^-thy 
descrip-ions  of  unimportant  points.  On  the  other  hand, 
an  inconplete  aescription  is  painfully  evident. 

The  tables  appended  to  Part  1  are  the  tabulated  res- 
ults of  study  of  a  fe'7  species  of  i^acteria,  rade  by  stu- 
dents oc^iinnin^  the  suo^ect  of  iDactcriolOtsy. 

The  taoles  have  decided  interest  frop  the  fact  that 
they  denonsti-ate  the'personal  factor'  , referred  to  above, 
is  not  an  hypothetical  possibility,  uut  an  actual  reality 
in  uacterioloo-ical  investi.^ations  ,Althou,^h  perhaps  this 
is  the  firt^t  absolute  aei::oru^t ration  of  this  fact,  one 
has  but  to  taoulate  in  like  manrer  the  descriptions  of 
oacteria  to  shov?  that  many  oacteria,  froir.  their  descript- 
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ions    at   least,    dixTtr  from  one    another  merely   uy  some 
ins if^nii leant  detail:    buch  cli^;ht  variati'  nsi   are   not   only 
of  no    ir.portanct    specirically,    out  and   not   oT  sufficient 
value   to   define    'varieties'    of   oacteria. 

"Vilien  one   considers   tnat   a  certain  school  of   oacter- 
ioiogists    rely  almost   exclusively  upon  cultural   Ci'.aracter 
istics    as    criteria  for  division  of   oacteria   into  species, 
the    inbufficienc 7   of  Kiuch  of  the   past  T7ork,and   the   need 
of  systeratic,    complete   study  of  all  bacterial  species 
oecones   very  apparent. 

i^iO   attempt  has    oeen  made    in  this   con.iection  to   draw 
conclusions   as   to   the   percentat^e   ac'.mracy   of  certain  cult- 
ural  and    DiocJaeiTiical    reactions    ciiiployed   at  t  .e   present 
time   for   uacLeriolOt^ical   uiagnoeis.    All   that  one   can   log- 
ically  do  with  the    data  presented  hercv/ith  is    to      derive 
information  concerning;  the   personal   factor  in   inter- 
pretiut^  the   same   p'lienomena  by  uifferent   inaividuals. 

It   shoulo    oe   stated    in   conclusion  that  while    the   sys- 
tem appears   coiuplicat-ed,    it  should    oe    born  in  ninu   that 
the    factL    to    be   explained      re   complicated;    that  stuaents, 
becjinj'ers    in   bacteriolOf^y  haa   no   apparent  difficulty 
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in  makin,"  and    recordinrS  correctly   their  ooservotions. 
In  a'feneral,    even  from  the   start,    the   btudentb    c-'ild  make 
the   necessary  oocervations  nore    quickl./  the/    coirespon- 
din^  ODtervations   necessitatiixj  t]:e   me   or  written  dey- 
criptionE  ;    tliey   learned    to   look  for  essential   features, 
and   to   express   the   s -jne   clearly,    orderly,    logically  and 
concisely.    They  successfully  avoided   unduly   einphai  i::ing 
unimportant  features,    an  ■.  e^ave   tr.e   necessary  attention 
to   inportant  details. 

At   the  close   of  r^art  1  will    oe   fou/^a   a  le>:;end  f-iving 
the   standard   terras    for  use    in  wacteriolo^^ical   aesoript- 
ions    together  v/ith  tiieir  niuierical   equivalents.    Ey   refer- 
ring from  tiie    tables    to  the   legend,    one   may   interpret 
any  symbol   into    its    equivalent    -  tandard   tem. 
These   zemas   arc  irodified    from  the    excellent  work  of  Ches- 
ter,  i-i'anual   of  Detenrtinative    ,jacteriolOt:;y,and   ti,c  ivrit,cr 
takes    this   opportunity   to   thank  Professor  Chester  for  his 
kindness    in  his   friendly   criticisms    of  the   'vork. 
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I.iethoa    for  tiie   Decir.al     or  numerical   System  of  Hecordiiiij 
the   Cultural   CiiaracLeristict    of  Bactfiia. 
Le(:;cnd . 
Slant   cultures;    ad;ar,    semiTi, potato. 
Fona  of  C-rowtii. 

1.    Filifora;    uniform  t5rowth,vfithout  cpecial   cxiaracters. 
2;    Jvlodose;    consistini^  of   ratliet-  lar^e,    discrete   col- 
onies . 
'6;    Beaded;    consisting  of  small, closely  placed   colon- 
ies. 
4;    Ecliinate;    oeset  ?/ith  acicular  extensions. 
5;    Villous;    befcet  witi:  short,   undivided  hair-li]:e 

extensions. 
6;    Pluir.ose;    a  delicate,    feathery  growth. 
7;    Arborescent;    tree-like:    v/it].  branched,    hair-like 

extensions . 
8;    uro''7s   only   in  the   condensation  water    (on  a,/,ar). 
C';    Spreauij-i^-;    ,  .rows    over  the  ivhole   slanted   surface. 
Elevation  of  Growth. 

1.    Flat;    thin,    spread iri;5   over  t.^e   surface   to   a  moder- 
ate  de.,-ree. 
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2;  Eifused;  riorc  delicate  and  tpreadiiiiS  than  the  pre- 
cceding. 

3;  Raised;  growth  tiiiok,  ^ith  auruyt  terraced  ea^ses. 

4;  Convex;  surrace  tiie  sei^nent  of  a  circle. 

5;  Capitate;  more  convex  than  tht  preceeding:  hemi- 
bpherical. 

6;  U'EiDilicate;  depressed  in  the  centre  li::e  a  navel. 

7;  Urbonate;  having  a  ooss  or  elcvatioxi  in  th.e  midale. 
Topoisraph;/  of  Surface  Growth. 

1;  Smooth ;burf ace  even  without  any  of  the  follov/intj 
distinctive  characters. 

2;    Alveolate;  marked  oy  depressions  separated  by  thin 
walls,  like  a  honey  comb. 

3;  Annotate;  dotted  wich  minute  punctures,  like  pin- 
pricks . 

4;  Eu.llate;  covered  witl;  olister-like  prominences. 

5;  Squainose;  covered  with  scales. 

o;  Papillate;  oeset  wita;  papillae,  or  mamra-like 
processes . 

7;  r.u^^o&e;  short,  irreji;ular  folds. 

b;  Contoured;  an  irregular,  out  tmoothly  undulating 
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burface   like   the   Eurrace   of  a  relief  mao . 

9;   Eiimnose;    a^oundirit^   in  clefts   or  cracks. 
Optical   Oiiaracters. 

10;    Transparent,    extrci-iely  delicate   filr., 

11;    "it re out ;    transparent  and  colorless. 

12;    Oleaginous;    transparent   and  yellow,    olive    oi-   lin- 
seed  oil   colored. 

13:    i.esinous;    transparent   ana   brown, varnish  o      resin 
colored. 

20.    Translucent;    translucent  and   colorless. 

21;    Paraf f inous ;    translucent  and   white. 

22;    Opalescent;    trans  lucent,  i^rayish-white   oy   reflec- 
ted   lit^ht,    '^Lioky-brown  by  transnitted    li^jivt. 

23;   Macreous;    translucent,   grayish-white   witi.  pearly 
lustre. 

24;    .Sebaceous;    -rans lucent,    yelloTvish  or  grayish 
white . 

25;    i2ut,/ rous  ;    -Gravis lucent   and   yellov/. 

26;    Ceraceo-.:.s ;    translucent   ad   wax  colored. 

30;    Opafiue,    no   optical   characters   other  th.i     opacity. 
Lustre   of  Growth. 

1.    Shining. 
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2-  Dull,   v/ithout   lustre. 

3-  \7axy;    Tasitrc    like   parafrin. 
4;    Iridescent;    Hietallic   Ivstre. 

StaD   Ciilturet,   gelatin  or  a,-ar. 
lion- liquefying  Line   Growtja. 

1.    Filiform;   nnifonn  growth,    v/ithoixt  5:;jecial   characttrs. 

2;   iiodOGe;    consisting  of  rather  large,    discrete   col- 
onies . 

3;    Beaded;    coneiktin.j  or  rather  cioaely  placed 
0.  lonies,    ciuall    in  t.ise. 

4;    Echinate ;    oeset  viitl:   acicular  extenbions. 

5;   Villous;    oeset  with  short,    undivided,    iiair-like 
extensions . 

G;    Plumose;    a  delicate, icathen/  growth, 

7;     .ruorescent;    branclied, tr&c-like:   with    uranched, 
trce-lik.e  extensions. 
Liquefying, Line   Grov/th,Poru  of  Liquefaction. 

1;    Cratcriform;    a  saucer-shaped   liquefaction. 

2;    Haccate;    shape   of  an   elongated   sack,    tuoular  or 
cylindrical. 

3;    Infundibulifor9i;shaped    like   a  funnel,    conical. 
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4;    NapifOTTn;    i^iiK-xx    oi'  a  turnip. 

5;    Stratiform; liquefaction  cxtenclin.j  to   the  w   lib   of 
the   tuoe,    ana  down-^Tard.    horizontally. 

6;    The   liquefied     ortion  driet,  up  ai-    fa^t  a^    fomed. 
Usually  manifested   as   a  sli^iht  sinjcin-;;  of  the   sur- 
face  gror/th. 
Surface   Growth,    non-1  i que fy in,;  cultures.    (aI.o  Plate   Col- 
onies)   See   Elevation,    Slant  Cultures. 
Plate   Colonies,    A^ar  ana   Gelatin, 
r'oiin  of  Colony. 

1 ;    Round . 

2;  Fusifona;  elliptical, tapering  at  each  end. 

3;  Con,ilomerate;  an  aj^^resation  of  bii:.llar  colonies. 

4;  Cochleate;  spiral  or  twisted  like  a  snail  shell. 

5;  Amoeboid;  very  irregular,  st  re  ami  11^5. 

6;  Llyctloia;  a  radiating  structure  like  a  ;  ould. 

7;  Filamentous;  an  irrci^ular  mass  of  d^m^cly  woven 
filaments . 

8;  Rhizoid;  an  irre<2ular  branched  or  root-lil-e  colony. 

9;  RoEulate;  rosette  shaped. 
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Petaileci  eharactert  of   Surface.  (See  Topot^raphy  or  Slant 
Cultures . ) 

Surface  Elevation  of  Colonies,  (See  Elevation,  Slant  Cult- 
ures .  ) 
Internal  Structure  of  Colony  (iticroscopic) . 

1;  Homog^eneous ;  btructure  uniforn  tjirou^out. 

2;  Hyaline;  clear  and  colorlesfc. 

3;  Finely  jranular, 

4;  Arcolate;  divide  a  into  rather  irre^^^iilar  or  angular 

spaces  by  more  or  lest  definite  boundaries.;, 
o;  Grumose ;  coarsely  granular;  perticles  in  clustered 

grains . 
6;  Moruloid;  having  the  appearance  of  a  morula;div- 

ided  into  r.ore  or  less  regular  spacet. 
7;  Clouded;  having  a  pale  ground  with  ill-ciei'ined 

patches  of  a  deeper  color. 
8;  Gyrose;  narked  by  v/avy  lines. 
9;  Pilan]entous,Floccose;  having  a  f ilair.entous  or 
dense  felt-like  structure. 
Edge  of  Colony. 

1;  Entire;  without  toothing  or  division. 
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2 ;   V/av c d  ;    si iglit  1:/  und ii  1  at i n^^ . 

3;    Lobed ;    consist-iru^  of  lobeii. 

4;    Serrated;    j'Otciied   on  the   fd^^e   like   a  saw. 

5;    Auriculate ;    v/itii  car-li^e   looes, 

5;    Ciliate;   hair-like   extent ioni3,  radially   placed. 

7;    Erose;    as    if  gnawed,    iri-egularly  toothed. 
Optical  Characters;    (See   Optical   Characters, Slant   Cultures) 

Biochemical  Features. 
Bouillon.    Pellicle,    Turbidity  and    Sediinent. 
Pellicle; 

1;    0   pellicle,    rin,^   fo lined. 

2;    Pellicle   meuroranous. 
3;    Pellicle   tenacious    (tou,^h) 

4;  Pellicle  flocculent. 

5;  Pellicle  ^ranui.ar. 

6;    Pellicle  \7iinklcd,    thin. 

7;    Pellicle,    thick, ^.7rinkled  . 
Sediinent. 

1;  Sediment  flo.culent. 

2;  Sediment  f-;ranular. 

3;  Sediment  viscous. 

4;    Sediment  cor.p   ct,    junorphous. 
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Turbiaity. 

10.    Tiirbidity  slif5ht,clfear55    up   on  stand iru5- 

11;    T-aroidity  eli^jht,    non-cliaracoeristic . 

12;  Turuiaity  t;lif:jiit,  flocculent. 

1.'5;    Tu-rbidity  slight,    jjjranular. 

14;    Turoidlty  clif-iit,    viscous. 

20;    Turbidity   decided,    clears  ^^p   o--    stand ir^ii. 

21;    Turbidity  decided,    non-chrvracteristic. 

22;    Turbidity  decided,    riocculent. 

23;    Turbidity   aecidea,    i^^ranular. 

24;    Turbidity  decidc>j,    viscous. 

Milk   Cultures. 
Coaj^ulation. 

1;    Coa<julates   only  on  boiling. 

2;    Coat^ulation   in  the  coldjcoatsulim  hard,ilocculent. 

3;    Coagulation   in  the  cold,coaguluni  hard, coi  pact. 

4;    coat^ilatior    in  the  cold,coagulun  hard, granular. 

5;    coagu.lation   in  the  cold,coagulum  soft, flocculent . 

6;    Coagulation   in  the  cold,co.ig"lu]ri  sort,cor.pact . 

7;    Coagulation   in   the  cold,coajuluin  soft, granular. 

3;    Digestion  ■without  a  coagulum  being  fonned. 
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Liqutfnction  of  Casein. 

1;  Liquelaction  sli.jht,  whey  ourbid. 

2;    Liquefaction  slis^.t,  v/iity  clear. 

3;  Liquefaction  d-.  cided,wli€y  turoid. 

4;  Liquefaction  decidea,  ■liey  clear. 

5;  Liquefaction  complete, 'Vjiey  turoid. 

6;  Liquefaction  complete, whey  clear. 
ChroinOj^enebis  ana  Fluorc&cence. 

Before  discuasin^  Chromogenesia  and   Fluorescence, it 
will  be  well  to  define  exactly  Wi.at  we  iiean  oy  thebe  Leras 
when  appliea  to  Bacteriolo^^^y. 

Chromogenesis ;  the  aoility  of  certain  bacteria  to  pro- 
duce ai:ionij  othei  products  ox  me tauolism, certain  colored 
substances  is  called  c}iromo,-^enesis . 

Fluorescence, strictly  speaking,  is  the  property  pos- 
sessed uy  certain  substances  of  converting  obscure  rays, 
principally  actinic  in  character,  into  luminous  rays. 
The  term,hov7evt  r,  is  applied  differently  by  (lifferent 
bacteriolOi.;ists ;  some  jierel..-  mean  the  producti'm  of  a  pi^j- 
ment  which  is  soluble  in  a^^ar;  tome  define  fluorescence 
as  a  property  in  virtue  of  which  certain  soluble  piejiients 
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wuicii  exiaioit   complementai-y  colors    as   they  are  viewed   by 
trancLdttta   ana    reflect;.  .    IL^.it   respectively.    In  the  pres- 
ent dissertation, hov/ever,    the   tern  will    oe   used   to   desi^:- 
natt    any  soluole   pl^jnent;    in  fact  the   term  soluble   pig- 
ment ivould    in  this   connection,    be  more  uescriptive. 
I.lany  bacteria  produce   a  soluole  pi^-nent   in  addition   to 
the    ref^ular  pit^in&nt,v7hile  very   few  produce   a   true   fluor- 
escent pigment. 

Method   of   record iiiji  chronogencsis   ana   ^luorescerice. 
Before    outiininv^-  the   method,    it  shoul  >   be  said   at  the 
very  start   that  chromOtiCnesii;;   should   always   be   determined 
oy  viewinti  the  surface   of  the    a^-g.ar  t-lant ;  reflectea   li.^ht 
shc^uld   always   be   used.    Under  these    conditions,    one   sees 
the   actual   uacterial   ,^rowth, while    the   obsei-vations    are 
not  vitiated    Dy  the    eifect  of  a   layer  of  more   or  lect 
hi^ily  colored   ;::edium.    Observations    of  c;hromOt-enesis   for 
classification  purposes   should   ue   made  upon  slant  a.^ar. 

The    pigments    produced    0/    bacteria  are   extremely  var- 
ied;   colors    that  are   not  spectral, e.g.bro'vn,    are   frequen- 
tly produced, ana   mixtures   of  colors   that   are  hardly   aes- 
cribaDle  nay  occur. 


'^t  •X««I««  SIM  j«ji 


1«  aoe*   ;><  ;i'^ 


-73- 

The   pigments    proauced   are   not   p-are,tiiat   is,    they  are 
so  to   £peak  not   chronatic    •alloyst  but   are  mixtures, such 
as    one  would   obtain   if  one   r.ixea   colored   particles    in 
varr/ina  porportions;    precisely  as   tjie   predoininating  color 
with  such  colors   nigrit    ■■€    difficult,    so   in  the  bacterial 
pi^nents,    the   predominating'  color   is   often  difficult  to 
distintsuish. 

This    often  leads   to   confusion  amo}i  ,   oacteriolo.^ists ; 
one   observer  may   interpret  a  mixture   of  colors    containin«^ 
(say)    Dlue   anu   red   as   a  blue-red;    tiie    olixe   seems   to  him 
to  predominate, while   another  ?/ould   call   the   same   rcd- 
bluc,v/ith  the    rea   predominating;. 

One  must  consider  these  points  if  one  wishes  to  make 
a  systen  v/hich  will  be  at  all  satisfactory  for  color  de- 
tei-mination. 

I   have   done    it   in  t^ie    followixit;  m.anner;    to    ue^sin  with, 
bacterial    .ji,:^ents   are  utu.^lly  mixtures   of  not  more   than 
tv/o   coloi's.   Any  error  of  interpretation  mutt   ue   in  the 
determination   of  the   predoninatin^;  color.    If  we   represent 
s//mbolically,    by   t.;e   decimal  system,    the   possible   colors 
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prociuced    by  bacteria,    and   so   taoul;:.te   them  th.at   two   obser- 
vers,   eacli  of  v/hon  will   differ  as    to   the    laost   prominent 
color  will   be   aole   by  a  simple   process   to   translate   the 
color  at  will   from  one    predominating  color  to   the   other. 
Per  example,    let    '7'    represent   uliie,    and    '3*    represent 
red.    (see   the    legend   under  chroriogenesis ) .    If  observer 
A  calls   a  particular  growtri.  red-blue,    he   would    indicate 
tnat  as    '37*    in   the   taole.    observer  B,    calling  tlie  saiae 
tliing   Dlue-red,   would   write   73,    the    reverse   of  Ooservcr 
A. 

This    is    the   basis    of  the  proposed  system.    All  the 
colors, except  white,    brov/n  and    olack,    which  are   colors 
in  the    oacteriolo  ^ical   sense, are   arranged    in  the   or.'cr 
in  which   triey   oC';ur  in  the   solar  spectrum. 
The   list   becomes,    t]ien,    1-white  ;2-brown; 3-   red:  4-   range; 
5-yellow;o-grecn;7-blue;3-black.    9   is    reserved    for  fluor- 
escence . 

The  appended   number^   will   alwa  ys    indicate, unotr  chrono- 
genesis, something  white,    3  something  red,    etc. 
31  would    indicate   a  mixture    o/   red   and  white, red   predom- 
inating;   74  would    indicate   blue-orange,    the   blue   predom- 
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inatin,i.  V/itli  th±'^   exjlanation,  one  will  be  aoli  to  nake 
use  of  the  following  table.  The  arranoem&nt,.'ina  in  fact, 
the  wiiole  conception  of  chro: . Oc5  tine  sis  is  not  correct  scien- 
tifically, cut  it  is  tiie  oeot  that  can  be  done  with  the 
end  in  view;  of  laakin,:;  a  system  whereb.  one  can  represent 
in  a  simyle  manner,  the  chroinoejenic  properties  of  bacteria. 
The  pure  colors,  white, brown, red,  etc.  are  represented 
with  a  '0*  at  the  second  fi^fj-re;  .11  conbinationt  with 
the  pure  color  are  repr^sentea  with  the  initial  numoer 
of  zhe   predominating  color  firt-.t,  then  the  color  mixed 
with  the  predominatixLi  color. 

10.  white.  20.    brown. 

11.  jray.  21.    brownish. 

12.  white -brovm.  22.    li^^ht   bro'vn. 
I'd.   v/hite-red.                                   23.    brown-rea. 

14.  white -oranoe.  PA.    brown  oran,5e. 

15.  white-yellow.  25.    bro"m-yellow. 

16.  -mite   ,^ri-en.  26.    brown-^reem. 

17.  white-blue.  27-  orown-olue. 
white -olackp- late. color.     28-  urown- black. 


:^0.    red. 

31.  reddish. 

32.  red -brown. 

33.  lif^iit   red. 

34.  rcd-oran.j-e. 

35.  ren-yeiiow. 

36.  reci-grccn. 

37.  red -blue,    (purple) 
3».    reu-Dlack:dark   red. 
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40.  orange. 

41 .  orant5€  --yhite . 

42.  orange -brown. 

43.  oran{?;c-red . 

44.  liaht   orange. 

45.  oranc!;e-yellow. 

46.  oraiifc^e-sreen. 

47.  oran.f^e-olue. 

48.  oran^e-olack;dark  orange, 


50.  yellow. 

51.  yellowish. 

52.  yello^-brov7n. 

53.  yeilov/-red. 

5 4 .  yell  o\7-o  ran^^e  . 

55.  iit^ht  yellow. 
55.  ye  How -screen. 
57.    yellow-blue. 


60.  (jreen. 

61.  greenith. 

62.  fjrccn-brovn. 

63.  r;  re  en- re  u. 
54.  green-oran,se. 
6c.  i^re en-yellow. 

66.  li  ;ht  ;i;reen. 

67.  ,:  re  en-blue. 


58.  yellow-black; dark  yellow  68;  ^reen-Dlack;Uark  ^reea. 
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70.  blue.  80.    black,    -x- 

71.  bliiiB}!. 

19. .    Dlue-oro"/n. 

16.    bluc-re-i    (violet) 

74.  ulue -orange. 
7o.    clue -yt-:l low. 

76.  I  lue-gretn. 

77.  li.^ht   Dlue. 

73.    blue -black; dark  blue. 
Fluorfciicciice   or  soluble    oijncnt. 
91     pirjinent   opaleccentywiiitish. 

92.  pigment   orownioh. 

93.  pigment   rcdoish. 

94.  pigment  or:^Ae;fe   colored. 

75.  pi<^£nt  yellowish. 

95.  pigment  t^reenish. 
97.    piijinent  bluish. 

9d.    pii^ment  ver;>/  dark  colored. 

*  black  is  uescribfi  ac  that  constituent  that  produces 
a  darkenin-^  oi"  a  'pure  color';  set  j  after  each  of  tlie 
projuary  colors,    19,    49, etc. 
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Part  2. 

Descript,ion  of  zhe   MorpiiolOtiical,  Cu!t3^|iral  and  Bio- 
chemical Characteristic,  of  Certain  Bacteria  from  'liffer- 
ent  Soiirceb  upon  the  Saine  Lot  o^  iieciia. 

There  eecms  to  oe  i  tacit  understanding  er,\on,-;   bacter- 
iolo^jists  that  a  cei-tain  more  or  lese  dexinite  complex 
of  characteristics,  produced  by   a  ^iveii  or^anisn  upon 
certain  media  is  a  good  and  sufficient  specific  definit- 
ion of  tiiat  or.'^anism;  that  these  reactions  r/ill  always 
distiii,5Uish  it  from  all  other  kinds  of  or  ^anisms,  and 
that  one  raay  ue  certain  of  the  identity  of  a  _'reshly 
isolated  or  unknown  sor-cie-e  having?;  these  characteristics 
in  conomon  -^ith  the  type. 

In  otjifr  words  the  aoove  mentioned  attributes  will 
distinguish  a  series  of  uacteria  Wiiich  resemble  each 
otiier  more  than  they  resemolc  anythiru;^  else  as  the  same 
species,  ana  will  always  serve  to  separate  such  organisms 
from  all  other  or,--anismE. 

It  is  of  fundajiiental  importance  to  define  as  sharply 
as  possible  the  criteria  for  such  aivisions  of  bacteria 
into  families,  i^enera  and  species  for  t.he  purposes  of 
classification. 
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A  priori,    one  would   expect   in  a  suoject  so    imijortant 
a.-    oacteriolo^^y,    whose   literature   contains   the   names   oi' 
hundreds,    even  thousands    of    't;pecies',    that   tl:t    class- 
ification of   bacteria  at   lea^st  would    oe   perman-^ntly  fixed. 
At   least  one  would   there   should   be  sone   bort   of  a^^-reG- 
ment   concerning  the   fundamental  Division  of  bacteria 
into    -genera. 

LVen  a  casual   perusal   of  the    liter-iture  will  show 
that   such  ib   not  the   case;    that  even  th^    Units   of  the 
Bacteriaceae   are   not  sharply  defined. 

Bacteriologists   speak  with  certitude   of  Bacillus   coli 
for  exaiiiple,    yet   if  one   afcks   different   individuals    to 
define   this   particular  species   of   bacillus,    the   answers 
are  'vonderfully  v  ried. 

A  fev   exarr.ples   will  suffice. 
1;    Bacillus   coli     is   an  or^anisjn  which  does   not   liquefy 
aelatiii,    vmich  f  inaentb   .iextrose  with  the   production  of 
i^as,    reduces   nitrate   to   nitrite,    coa^^ilates  milk  ajid 
producet    indol. 

2;    Bacillus    coli      is    a  motile    oacillus,    fenaentin,-   Doth 
dextrose   and    lactose. 
3;    Bacillus    coli     a  motile   bacillus    fermcntinei  dextrose 
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with  a  ^as    fonnula    (,:ab    ratio)   of  h/cO.,   =   s/l . 
4;    Bacillus    coli     an  or^janibm     roducint;  50   ,o  or  more   ^as 
in  lactose. 

Hany  more   exaiiples    could   be   cited,    but  enoujh  has 
been  presented  to   indicate   t}ic   lack  of  unifomitji   in 
tills    recpect. 

One  may  ooj&jt,    and      Dject  ri,pitly  tnat   tiiese   are 
merely  nethodt    for  the    routine    identification  of  the 
or.-:;anism  in   qiest,ion:    that   they  are   not   laoored   descript- 
ions  for  piir  .oses    of  classification. 

This   does   not,    however,    detract   from  the   for^c    of 
the   argument.    Ooser^/er  A,    because   of   lon.^;  ex  .>•- rianrie 
believes  he   can  detect   and    identify  alsol.itcly  -without 
question  Bacillus    coli   a^.    au  or,';aj:ism  different   from  all 
other  or;ianioms    oecausc    it  produces   more   than   50    ^  /^£:S 
in  lactose,      Obsen/er  3,    comparatively   inexperienced, 
using  precisely  the  same   method   ac    recoifimended    oy  A  may 
fall   into   serious    ci-ror. 

Reali;iin.5  the    ^reat  differences    in  tlie  metl.od   of 
identification  of  bacteria,    anu   the  varied   criteria  for 
tiicir   isolation  and   determination,    I  have   obtained   cult- 
ures  of  a  x^evv  of  the   very  coin:;on  orf^anisras    fr^m  differont 
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sovirces    -ind   have  studieJ   tsiem  upon  the   dii/creut  ineciia 
useu   I'ox-  ordinary  bacteriolOj^ical   research  under  the 
saine   conditions   in  order  to   c  I'lpare   their  various    react- 
ions. 

If  or;:^ani5ins    representing  diri'erent  strains    of  the 
same   species    are   compared   by  the   saiae   observer  unoer 
the   sai7ie   conditions,    one  may  conpare   the   debcriptions 
and   sr.y  definitely  that  such   oacteria  do   or  uo  not     .[5^'ee 
in  essential   ciiaracteristics . 

if  the   descriptions  _do   a^^ree,    provideci   tiie   criteria 
estaolisiied   are  sufficiently  coir.plete   to   include   those 
characteristics   considerea   neces-ary  and   sufficient   for 
species    a e termination,    one    raay  assume   taat   in  spite   of 
the  apparent  differences    in  :.;ethod    referred   to   aoove* 
the   final   diaj^nosis    /as    correct   in   each  case;    that  the 
different, variable   criteria  used    oy  different   observers 
represent  merely  different  points   of  vie',7  of   the  same 
ODject. 

If  the  descriptions   do  not     a^^ree   in  their  essential 
points,   we   are   either  at   fault   concernini^  our  choice   of 
characteristics,    or  else  we    -.re   not  deal._n<5  with  the   saane 
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ortjanisins . 

The   organisns   studied   to   dcterp.ine  the   correctness 
of  the   aoove   points   v/cre  several   strains   of  bacillus    coli  ^ 
ty-QhosviSt    T3rodifH;iosus   and    pyocyaneus . 

These  or^5aniSIns    are   found    in  almost  every   laboratory 
and    rcprebcnt   almost  every  variation  in  norpholo^-'ical, 
cultural   ■intt    Diochemical   feat   res.    Hence    ijiey   lenu   them- 
selves  admiraoly   to   a   reae'irch  of  t"j.is   sort, 
iviethod    of  Study. 
The  general  methoa   of  preiiwinary   cultivation, method 
of  tabulation   of   results,    preparation  of  lafdia,    inoculat- 
ion,   and   other  precautions   have   already   oeen  discussed 
in  detail    (see  Part  1.) 

The   cultures   of  each  organism,    as   soon  as    received, 
were    plated   out  and   ^iven  preliiiinary   cultivation   ia  the 
usual  way. 

After  they  had   their  preliminary  cultivation,    and 
were    in  .--ood    active   ve,.,'ctative   condition, multiplyiuri-   ra- 
pidly,   various  ^aedia  were   seeded,    usin,;^  the   utual   precaut- 
ions,   storea    in  the   t.iemostat    (except  j-elatin  cultures) 
and    removed   for  ooser/ation  upon  the   first, third,    seventh 
and   tenth  days.hecords   of  their      jpearance  uoon  all   the 
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cultural  Fiedia  werr    made  uuon  the   txairdl,    seventh  and 
tenth  days. 
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Biociienical  and  Cultural  Characte  rib  tics  of  BacilluG 

In  all,  fourteen  cultures  of  the  colon  oacillus  were 
received  in  response  to  the  letters  sent  to  dir.crent 
laboratories.  As  soon  as  these  cultures  arrived,  tliey 
were  ola-ced  out  and  found  to  be  pure.  Accordingly,  aft«r 
the  usual  prelininary  cultivation,  they  were  seeded  upon 
the  customary  media. 

The  standard  a^-jar,  a^ar  nuner:^  4,  '^as  tiie  one  chosen 
upon  which  descriptions  of  the  z,-nv   slant  and  a^^ar  plate, 
gelat-in  stab,  ,^elatin  plates,  nitrite  solution,  inaol 
(jXinhejn's)  solution,  ini Ik, potato, blood  scrum  and  finally 
fementation  solutions  of  dextdose,  lactose  and  s ace  .ar- 
ose ^vere  also  nadc. 

Table  numoer  1  shows  the  results   of  the  ten  day 
ouservations  of  tjrowth  of  ti;.ese  or,;''.nisms . 

ilot  only  were  the  Cultural  'md  Bioceuiical  results 
recorded,  Dut  an  attempt  was  Made  to  note  the  relative 
luxuriance  of  fjrowth  accordin<^  to  tne  method  of  Fischer, 
(loc.  cit.  p.  oo). 

Fischer  desiisnates  by  +  a  slifi;ht  growth,  -hf-a  decided 
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tjrowth  and   -f-H-  a  luxuriant  t>i*owth.    'rlie   resuLtb   were   inter 
estin^   in  tiiat  the  .^rowth  upon  a^^ar  numoer  4     was   the 
most   luxuriant;  (other  sampiei.    oi"  a,5ar  v/ere  used, as   will 
oe   descrioed    in   (-"art   3.)   A^^ar  4,    it  will   be    rememoered, 
was  made   accordint^   to   the   recoimnendations,   oi"  the   Ainerican 
Puolic  Health  Association  Ooimnittee  Report.    Hov/ever,    Tor 
descriptive   purposes,    the    results    oi""  the   quantitative 
determinations  \7ere  of  minirial   inportanct  ,arja   are   oiiitted 
from  the   descriptions.    Mevertoeless,    slij^ht   ana   constant 
differences  were   observed   --Thich  seemed   to   consist-ently 
hold   true    I'ov  all  the   d iff.  rent   cultures   examined.    This 
observations    a^srees   well    .vith  similar  Oi>servations  p:ade 
in  iley/  Orleans    oy  the  writer  and  Weston,    (se^    .So:r.e   Common 
Bacteria   in  &nerican  Streams,   Vlc^ton   and   iCendall;    Aji.  rican 
Public   Health  Association,    Proceedings,    1901.) 

The  colonies  developin/s  upon  a.-^ar  nna  gelatin  plates 
were  the  source  of  consideraolc  difficulty  in  that  uhere 
was  considerable  variation  in  their  general  form.  At  the 
same  time,  the  majority  of  the  colonies  presented  a  typical 
uicture  agreein^s  well  with  the  clascical  descriptions  of 
the   or,-janisms    in  que.  tion. 
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In   af.scrioing  colonies,    the   ?'orm,    Eltvatioxi,    TopOej- 
rapiiy,    Inoernal   structure,    Ojtical   Chats-cters    and   Chromo- 
genesis   were   ooserved   upon  tiie  ;:;e Latin  plates. 

Thiti    corresponds   well  with  tue   physical   attributes 
which  one   would   consider  necesc^ary  and  suiTicient  for  a 
doiicription  of  a  soliot   in  space;    its    -'orm,    Structure   and 
Color. 

Upon  a^^ar  plates   the   ChroniOij;enesis    and   Optical   Chc.r- 
actere-.   were    omitted,    d- cause   tjiey  were   found   to   oe   tne 
sarae  a^   the  same   characteristics    obtai;,iii<i-  I'.pon  the   a-.^ar 
slant. 

V/ith  tr.e   exception  of  the    internal   Structure,    all 
observations  were  inadr    nacroscopically;    thit>    is    lo.^ical 
proceedure    utcause   tiie  Microscopic   characters   are  tliey 
upon  w:  ich  one   'voula   rely  for  the   uifferentiation  of 
one   suecies   fron  another   ir   a     plate   containin^-:^  a  nixed 
culture.    In  such  a  case   one  woul ^    almost   invariably   rely 
upon  iLacroscopic    ratiier  than  microscopic   differences. 

The    question  of  variations    froia  the    type  was    dealt 
'/ith   in  the   same   (general  manner;    typical   colonies, v/hen 
they  were   in  the  maj -,rity  were   selected   for  description 
precisely  as    one  would   pick  naturally  a  typical   colony 
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ior  isolation,,  yo  I  picked  a  typical  colon./  ior  descrip- 
tion. 

Tilt,  unii'ornity  of  description  then,  obtaining  throu^h.- 
out  the  descriptions  or  tiie  colonies  ib  -me   to  the  fact 
thau  they  represent  avera><e  or  nean  appearances  which 
the  ortsanisris  may  be  expected  to  present  in  a  ..general 
stuay  01  the  subject. 

The  writer  considers  that  not  only  sho  ild  the  mean 
appearance  of  the  colonies  should  oe  described,  out  also 
that  there  should  lae  a  definite  mcximal  and  ininimal  limit 
to  the  /lumber  of  colonies  existiiig  upon  the  plates  at  the 
time  the  descriptions  are  m-^de;  too  many  colonies  ^ill 
cause  an  anta^onicm,  a  struggle  for  esistence,  which  will 
InliiLit  tiic  ;2;eneral  welfare  of  the  orf^anisiis,  resulting 
in  too  small  colo.:ies  and  a  mutual  iiiiiiuition  of  ,-:rowth. 
Too  few  colonies  will  lead  to  error  because  theic  may  be 
intrusion  of  outside  jerms  ;  tli.ebe  nay  or  may  not  be  easily 
recognized  as  cor.taminations . 

If  there  were  i  ore  than  75  or  less  than  6  colonies 
on  a  plate,  it  'as  disc-rdea  and  a  fresh  plate  made. 

The  morphology  of  the  fourteen  colon  colonies  descri- 
bed, representing,  an  average  colony  of  each  strain,  was 
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rertarkably  constant;  except  Tor  variations;  in  size, noted 
elsewhere, the  re  was  oractically  no  aifrerence. 

The  mo rpho  10^5.7  -yill  ue  descrioed  in  dettil  in  Part  4. 

All  the  cultures  were  f  .cultative  anaerobes, r^r  wing 
at  20",  37°,  possessing  no  d-monstrable  spores, and  not 
staining  by  Grain's  methoa. 

Cultural  and  Siocheinical  characr.er^  in  detail. 
A--;ar  slant;  three  .^er.eral  roriiis  of  growth  could  be  denon- 
ttrated,  namely  villous,  spre  ding  and  Tilifonn.  These 
dii'ierences  were  qu  tc  evenly  divideu  oetween  ti.e  vari.us 
strains  as  may  be  st en  oy  an  examination  of  fable  1. 
The  variations  are  not  to  be  inuerpreted  as  indicating 
anything  more  fundamental  than  re-  ctiont  to  slight  changes 
in  the  relation  uet-vecn  luxuriance  of  growth, and  local 
conditions  upon  the  surface  of  tho  agar.  A  tligiit  excess 
of  juoisture,  unsteaaines;  of  j-'aking  the  inoculation  f  ivi 
varying  amounts  of  culture  auued  to  a  slanted  surfa;e 
will  ampl-'-  explain  tuch  differences,  w  ,ich  are  differences 

in  the  extent  of  growth,  not  variations  in  the  mechanics 
of  reproduction  upon  the  part  of  the  organisms.  If  on  the 
otiier  hand  one  culturv-.  should  always  give  a  flight,  fil- 
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ifom  ,sro™t,r.  while   another  j^ave   -",  no  e     or  letis    pronounced 
arborescent  gro^7th,    one   ^70ula   be    .ustified   in  seeking  a 
further  exidanation  oi   tiiest   phenomena,    in  all   uiobatoility 
the    lat."::er  variations   ^?oulcl    indicate   ehari(^:es  irrrc    orofound 
than   the   ordinary   ^^ariations    occurring;   in   living;  t.hin,;fc 
dut    to  suD  tke   chan,ie&    in  environment   acting  Tor  a  i^hort 
time. 

Ho /ever  unimportant  tha.y  may  seem,    one   should   always 
note   suGii  ueviations   of  growtii  in  the   accura-oe   and    final 
uescriptions   of  each  organism, when   such  description   ±i^ 
published   for  the    first  ti:  e,    indicatinei   cleaTl;.,    the  var- 
iations   observed  upon  each  iiediiun  at  dii^ei-ent  tii!;e£,ana 
unuer  aifferent   conditions;    such  a  proceeding  would 
effectually  forestall  a  claim  by  a   future   writer  of  a 
new  species   baseu  upon  the   stren^ith   of   trifling  chaiyes 
in  growth  form.    This   may  at   firtt  seem  suuerfulous    and 
unnecessary,    but  a  detailed   study  of  published   descript- 
ions  of   uact.eria  will   reveal  simply  astonishing  examples 
of  ne^ilie^ence    in  this    respect. 

The   Topography,    Elevation,    Lustre   and   Chronogencsis 
of   the  slant   cult\:res   upon  a.:ar  of  the  Bacillus    coli 
were    within  the    limits   of  a   rational   description,    quite 
constant. 
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Gelati;;   Stat)   culturcE ;    all   cuitureb,    except   those   of 
Culture    nunuer  9,    aia   not   liquefy  .gelatin.    The    latter 
culture  serins    to   be   Bacillus   cloacae, Jordan. 

This    culture,    of  all   the   cultures    re  :eived,    was   the 
onlv   one  which  proved   to   be   other  than  was   stated   upon 
the    laoel.    It   furnishes   an   interesting  example   of  the 
confusion  attendin^^  the    identification  of  Jacillu^    coli; 
if    ^ne    is    content  to   call   an  or^^anisin  whicJi  feri.;ents 
dextrose  with  50   ,a  gas   proauction,    reduces   nitrate,    forms 
indol,    and    is   a  motile   or.^ani&n,    this    culture,    nimoer  9, 
is   a  typical   exampl-     of  tl^.e   colon  b-cilliis.    A  careful 
study  of  siii;ilar  cultures    'vill   reveal   pos^iijly  otiier 
examples    of  a  similar  nature. 

Tiie   lijie   r^rowth  of  the  (gelatin  stao   cultures   s..owed 
^reat  variations;    this    is    in  accord  with  the   ODservations 
of  r.jany   oacterioiOf^ists,    ana    is   specifically  demonstrated 
in  'liipple'e    exhaustive   study  of  ^elatin.  Hoc.    cit.) 
It  emphasizes   the    fact  that  oruinarily  the   line  grov^th 
in  gelatin  staos    is    quite  unsuitaole   for  the    identification 
of  uacterial   suecics. 

Bouillon;    the    lornation  of  a  pellicle   in  about  a 
third   of  the   cultuies    of  the   colon   uaciil  s,    and    the   ab- 
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fctnce  or  a  membrane  in  the  other  two  thirdt  or  the  orf^an- 
isins  is  not  turprieing;  t,iie  writer  has  noticed  repeatedly 
the  appearance  of  a  pellicle  at  one  tii:ie  and  th.e  absence 
or  the  sairie  at  another  tiiiir:.,even  ij'  descendants  ol  the 
sjoiie  orfjanisnife. 

A  very  important  factor  in  determining  the  fon?iation 
of  a  ring  or  a  pellicle  in  many  instances  ib  tiie  aianeter 
of  tht  tube  in  which  the  cult  re  is  .^rown;  tuoeb  having 
a  aiarueter  of  from  12  to  i-^o  mil  imetres  -/ill  often  show 
a  riiU:;  fori::ea  at  the  surface  of  the  liquid,  wh^ile  a  para- 
llel culture  will  foim  a  delicate  film  if  the  diameter 
be  let-D  than  12  miliimetree.  1'.  e  explanation  luay  oe   either 
that  the  narror/er  tuoe  contains  less  fluid,  and  conseq- 
uently the  nutriment  is  used  up,  except  at  the  su,rra.;e 
where  oxygen  and  consequent  fresher  material  is  ..resent, 
or  that  the  tenacity  of  the  memorane  is  not  enough  to 
brid  je  over  a  gap  of  more  than  a  few  i  illimetres. 

The  turoidity  and  seaij'ient  were  quite  .;on&tant  in 
sll  tJic  cultures  Etuditd,a:i;  need  no  further  mention 
lie  re . 

The  relation  oetwe^n  the   relative  nutritive  value 
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oJ   tiie   liirferent  samples   oi    oouillon  ;iiid   the   liixuriance 
01   ,;i-owth  seeins   to    De   tlie   factor  which  vieterini;!es   the 
ar.ount   and   to   a  certain   extent  tlie   character  of  the   tur- 
bidity  and   sediment  pi-odu_ea     y   oacteria  t5ro^^n   in  bouillon. 

LlooJ   feeinin;    the   chief  valUc    of   clood   benm   it    to   fur- 
nish a  paouluEi  which  more   or   le-.  s   closely  aoproxii^'iates 
the   coinposition  of  the   fluids    of   the    tiody.    Tliis    it   not 
witn^ut   importance    in  the   stuay  of  certaii'   organisms   whicl; 
do  net  t^ro7  well  upon  ordii.ary  tiedia;   media  which  differ 
radically   in  composition   from   those   of  the.   host  upon  which 
they  are   normally   found.    The   value   for  .;rnc  rai   diaf^nostic 
worJc,    however.    Is   not  £:;reat.    The   o   l     characteristic   of 
importancv    is    the   possicility   of   liquefaction,    anfl   this 
is   uti:all_    paralled   by  the   liquefaction  of  eitlatin.    Of 
course   one   can  deter;  ii^e   tl^c    liquefaction  of   .  lood   terum 
at  the    oody  temperatur-: ,    while   gelatin  cultures   usually 
are  kept   at   room  temperature. 

Potato;    the   cultures    investit^ated  grew   luxuriantly, 
and  u,.on  the  whole    fairl./   constantly  up<m  potato.    There 
were    certain  slight  differences.  Doth  in  the    form  of  growt:. 
ai-:d   the   relative   luxuriance   of  growtii,    out  the   aifferences 
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were    coi.paraole    in   every  ..articular  to   those   upon  the 
ar^ar  slants,    ana   have    of  courbe   the   saiTie   si.;nifijance. 

Tiie  unifornity  or  jrowth  is  due  for  tjic  mofct  part 
to  the  ^act  that  the  potato  slants  were  nade  iroi.  the 
same  lot  of  potatoes.  If  a  different  lot  of  po  .aoO  had 
been  usea,  the  results  woiild  aj^aifi  have  been  constant 
upon  the  new  lot,  out  wouici  show  slight,  more  or  le  s 
constant   difference;     from  tlie    f5rowths   u  on  the   old    lot. 

The   remarkaole   eiinilarity   in   che  nean  appearance 
of  the   colonies    of  the   colon   bacillus    ujon  a^ar  and   ^;el- 
•atin  plates   has   already   oeen   coraisnted  upon; the   average 
appe    rancc    of  the   colonics   has    oeen  j.adv    the    uae. is    for 
the   aescrip   ions    in  the   taoles ;    It  will   be    reinenn>ered 
that  such     escriptions    are  valuable    Decause   they   are 
the   characteristics  u  ..on  "/hich  one  -.70   Id      rely   if  one 
were   isoLr^tin,-;   the    or^sanisins    from  a  nixed   culture. 

i.'illc;    Culture   n-mber  9  wa^    tlie   0'"ly  one   of  t   is   aer- 
ies  which  uid  not   coar^ulate  milk  and   produce   acid.    All 
the   oti.er  cultures   a^^reea   in  these   particn.ars,    and    in 
adaition,    many  showed   a  tendency   to  decolorize   th.    litnus. 
It   is    a  question  whether  the   coa,--ii-ation  of  the   casein 
\mi-.   due    CO   a  rennin-like   enzyme    formea  and   excreted    by 
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the    Dacteria,    or  whether  the    coaajulation  was   due   to   the 
prouuctioi'i.  of  a  certain  amount   or  acid. 

The  d- colori;.:atiori  oi   tht.    litmus  mi^jjht  a  so   be    explained 
by  tiie   production   of  an  excect    oi"  acid»    or  by  a  strorw^ 
reduciutj   action  on  the   part   of  the   or^^anisris,    chan,-;;inyi 
the    clue    litmus   to   the   colorltet,    or  leuco   dye.    It  secma 
probaDle   that  the    latter  iiypothesi;     ±^    the   correct   one. 

?''e mentation   reactions;    aoout   one   i'lrt..   of   the   cult- 
ures  examinea   fermented   all   three   su^arsj    dextrose*    lact- 
OJ-^e   and   saccharose.    This    _:i=5rees   very  v/ill  with  tht    j^eneral 
experience  of   bacteriolo,-ists   tiiat  a  fe'.r  colon  cultures 
will   proJuce  ^-as    in  all  ti.ree   of  tiie   ordinary  sut:^ars, 
while   the    1  ir.jer  percent  will   ferr.ent   only  dextrose   and 
lactoee,   not  ti.e  s3.ccharo£.e. 

Culture   n'inuer   9  seem,     to   be   one    of  the   eioaca  f^roup 
which  a^^jree   iifith  the      Colon  e^roup    in   ti.is    -f:bpect.    The 
majority  of  the    Colon  and   the   Cloaca   oacilli   do   not   fer- 
ment saccharose;    yet  there   are   some    jultxire^    ■'vhich  will 
proau:e  ^sas    iii   the   saccharose, 

j;itrate   reduction   a.'d   ?rec   Am.  onia  production. 

only   one   cuiLure   did   not  prouuce   free   ammonia.    All 
the   cixltures    reduced   nitrate   to   nitrite.    The   or=:;anism 
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whici;  did   not    reduce   th.    nitrite   to   free    arr.onia,    culture 
n-.unuer  5,    fomea   nitroso-inaol   re   dily.    Yet   repeated 
trials    failed   to   .jive   a  frer    ai monia  tefct.    There    ib   no 
logical   explanatiOxi  Oi    tiie   peculiarity. 

Iiidol   proauGtion;    a^^ain  culture   manoer  <J   iail.  d    to 
a^ree  witia  the   other  orjjaiiisijis ;    this   was    the    only   culture 
in  which  indol   could   not   oe   deruonst rated  .Many   oi"   the   or- 
ganisms  produced   nitroso-indol. 

The   precautions   noted  under   Indol,    '•'art   1,    allpy 
particularly   lo   the   cultures   of  Bacillus    coli;    tnis    or- 
ganisri  reduces    readily,    and   carries   the    reduction  to   free 
aiia;oni8   as    a  r'.'le,    and    r  thcr  r  pidly.    Unlest    on*,    exam- 
ines   the    cultures   early  loi    nitrotio-i  'dol,    the:   test  nay 
oe  netiative,ovirinc^   to  tlii.    fui-ther    reduction   of  the    nitrite 
to   free   airiEonis.    The   test   ^or  nitroLO-inuol   tho^J.lu    '.e 
made    oefore    the   final   reduction  lias    ta'.en  place:    if  one 
I'lakes   sevei-al    inoc   lations    into   t;.e    indol  solution,    and 
exaifiinCE    one   every  t /o   aays,    the   production  of  nitroso- 
indol   can   oe   easily  demons tr-Jted, 

Suioi  ary   of  Colon  Cultures. 

V/ith  one    exception.    Culture   9,    all   tiie   c^iltures    ot- 
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.tained   at    aaGilius    coli  were   shown   oy  buoeequent  study 
to   oe  typical   or;ianisins.    I'here   were   6li,:::t  variations 
in  the   form  and    relative   luxuriance   ox   ^-rowth  upon  the 
cultural  t.eaia;variations    /hich  iinpercepta^  le  nert^ed    into 
one   another,    shov^iiv^  that   there     'as   no   funaa^nental   dif- 
fetence   iri  any   reactions   of  the   cultures.    ti  ese   dilTer- 
cnces   ho\7ever,    were  laarked   e.iou.^h  to    oe  very  noticeable 
to   Q.-ie  studying;  ti.e   material   critically. 

Observ'ers   who    oase  th^  ir  diagnoses   of   oacterial   spec- 
ies  upon  such  appe  ranees   and    to  v/i^om  a  cultiire   'Vj.ich 
differs    in  any  respect  culturally   from  the   type   is    re^ardea 
as   a  distinct  species,    even   if  the    ort-,-anisins    oe    isolated 
from  t};e   same   t^ource,    '.rould   have   no  hesitation   in  pronoun- 
cing'; tiie   e:^trenes    in  var'-ation  as    separate    and   distinct 
species,    re^;ardl6si.    of  the    f ac  .  that  the    Diocheinical 
reactions   -yerc   tiie   sai:;£,    and    that    the   cultural   (^lO^Tth 
foiTis   merr^ed   impercept;.i,'ly   into   one    anotiier. 
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Bacillus  typiiot.us . 

Typhoid  bacilli  in  pure  ciUturc  are  cor.paratix^ely 
easy  to  identify. 

Bacillus  tvpliosus  has  the  property  of  so  modifying 
the  blood  serum  of  a  patient  ill  with  typhoid  fever  that 
this  scnir.  aill  as,jlutinate  and  inunobilize  the  typhoid 
oacilli.  The  reaction,  in  dilutions  of  mot  less  than 
l/50  seemt;  to  be  quite  specific  for  these  organisms. 

AccorQiUt^ly,  the  cultures  of  the  typhoid  tracillus 
as  soon  as  tiiey  were  received,  were  plated  out  to  insure 
their  purity,  and  then  tested  with  the  serun  of  a  patient 
ill   f  typhoid  fever  in  the  Johr.s  Hopkins  Hospital. 

The  serum  was  fresh  and  agglutinated  in  a  typical 
manner  a  known  culture  of  ^aci_llii&_  typl-i-oous . 

Each  and  every  culture  sen  to  the  laboratory  to  be 
used  in  this  reie~.rch  aggltitinated,  l/sc,  in  lest:  than 
an  hour,  using  the  microscopic  rather  than  the  macros- 
copic agglutination. 

v'ethods  of  making  tjie  Serum  He~ction. 

There  are  two  microscopical  method-  of  obscnring  the 
serum  reaction  with  different  organisms;  one,  the  'end- 
to-ena'  reaction,  in  which  the  organisrab,  usually  not 
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liiore  than  t^/o  or  three,    renain  v/ith  their  endt.    in  juxta- 
position Tor  a  If-nijer  or  chcrter  tir.e :    the    other,  tlic   eo- 
called    'clump'    reaction  in  which  definite   a,  ;;re,:^ates   of 
oacteria  remaiij  agglutinated   -Thile   the   spaces    oet'/een 
the   clumps   are  practically  free   fror.  "oacteria.    At  the 
sajne   tir.e   ther^    is   usually   loss    ox   motility  upon  the   part 
of  the   bacilli,    if  tue   culture    is   u-otile   at  t]:e   start. 

The   fonner  method    is   unsatis factor:/;    one    oanr.ot  sat- 
isfactorily uistinc:>uish   oetween    'a^jg  .utinauion'    and   the 
phenomenon  which  bacteria  exhioit  while   ai'0^in,i  slov/ly. 
In  either  case   two   or  three   or.janisms    renaiji   ver:/  near 
one   another. 

rhe   cliunp  or  agglutination    reaction   on  the    oth.  r  hand 
presents    a  very  definite    ijicture    in  positi/e   cases;    the 
or.sanisms   are  ^atherea    together   in  laassses,    vhiie    tl:e 
field   between  the   clumps    is   practically  devoid   of  bacilli. 
in    chis  ivork  a  careful  microscopical   examinatior    of  every 
emu Ic  ion  ivas   made   at  the   tine   of , preparation;    this   was 
to   insure   the    absence   of  clumps    before   t'ne   characteristic 
agglutination  on  the   part  of  the   typhoid   bacilli   could 
taju    4  lace. 

Previous   mention     f  the   fact   ti;at  all   the    cultures 
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at^i^lutinatea  typicall.;,  and  within  the  time    limit.  Cult- 
ure iUiT:.  er  3,  ox'  v/hici-  more  will  bt  baid  later,  agglut- 
inated in  ices  than  livc  rinutes. 

The  morpi.olOf^y  of  tiie  typhoid  uacilli  /ill  be  discus- 
sed at  lejv^th  in  Part  4.  It  is  sufficient  to  mention  here 
that  the  orf^aj-'isms  were  motile  bacilli,  not  stainiiifj  by 
Gram's  me  thou,  ^vovrin^   well  at  20°,  37°  and  facultative 
anaerooes. 

Cultural  and  Eiochem.ical  Characteristics. 

A^ar  slant  cultures  ;v/hile  most  of  tiie  cultures  of 
Bacillus_  typr.Qsus  exhioited  a  filiforv^.  oroirth  upon  the 
aejar  slant,  a  few  t^rew  either  as  echinate  or  filiform 
^^rov/ths.  The  latter  forms  are  mert-ly  sli^itly.  exag.^^erateu 
filifonn  g^rowths  and  are  to  oe  interpreted  as  having  the 
Ecime  sif^nificance  in  this  connection  as  differences  in 
size  amonr;  individuals  of  t}ie  sair.e  species  in  the  hi^-her 
J 1 ants. 

The  remainder  of  the  ci.aracteri^  tics,  ..levation. 
Lustre,  Chroj  ,o^-enesis,  Optical  Characters  ana  lack  of 
Viscosity,  were  the  same  in  all  the  cultures. 

The  variat-.ions  noteu  above  arc  rather  lese  in  extent 
than  the  corresponding  observations  upon  .-acillus  eoli. 
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]To  lexical  deductions  can  be  drawi;  I'roin  this  fact^hovvever; 
while  the  colon  bacilli  nay  have  been  dcriveJ  iTon  dif- 
ferent sources,  milk,  water, sewage, etc,  and  while  the  ty- 
phoid bacilli  must  have  come  originally  rrom  typhoid 
cases,  .,  et  one  is  not  justix"icd  in  aLi:.u]ning  that  the  var- 
iations are  due  to  the  difxercnces  in  orii^in  of  tiie  cult- 
ures. Tnc   facts  do  not  uear  such  a  supposition  oiit  either. 
There  was  no  constancy  in  characteristics  of  growth  farm. 
At  one  time  a  culture  would  depart  from  the  filiform 
growtli  and  oecome  spreauing:  again  the  sajne  cultui-e  \?o\ila 
be  cchinatc.  There  is  nothin.^,  h?rd  and  fast  a^  out  the 
growth  upon  an  agar  blant..  .11  that  one  can  exject  is 
that  tr.e  variatiom  will  be  consistent;  aii  organism  will 
ue  cither  filifonn  or  some  modification  of  a  filiform 
growth,  never  arborescent  or  plimose  for  examjle.. 

Gelatin  stab  cultures.; none  of  the  cultures  received 
as  Bacillus  typhosus  liquefied  gelatin.  On  the  other  hand, 
they  exiiiuitcd  practically  every  kn  wu  fon."  of  li/ie  growth; 
no  one  of  the  forms  of  line  gi-owth,  however,  could  be 
said  to  predominate.  A  surface  growth  was  ..resent  in 
about  one  half  of  the  cultures  exjinined, while  the  remain- 
der showea  n  surface  growth  at  all.  ra&   line  growth  and 
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the  Gui-^ace  growth  are  of  no  diagnostic  importance, altli- 
ough  they  are  used  by  certain  writers  as  criteria  for 
division  of  lacteria  into  groups. 

It  is  ciifiicult  to  explain  the  presence  of  a  surface 
t-rowth  in  certain  of  the  cultures  and  its  absence  in  the 
remainder,  because  tiie  organisms  jiad   recisely  the  same 
preliminary  cultivation,  they  v/ere  all  .^ro'vin;  luxuriantly 
when  inoculated,  and  n^ere  seeded  into  ,:5elatin  of  tlie  same 
lot.  There  was  at  the  same  time  a  vigorous  line  growti;, 
which  would  argue  against  the  explanation  of  this  vai-iation 
upon  the  ground  of  a  lack  of  vitality  with  the  cultures 
which  were  lacking  in  thit;  respect.  At  the  same  time  the 
phenomenon  is  not  ujnistlal. 

Bouillon;  pellicle  formation.  The  results  of  the  cul- 
tivation of  tj.e  typhoid  bacilli   fails  to  agree  with  the 
majority  of  pu.Dlished  descriptions  of  tliis  organisja  in 
producing  in  many  instances  a  distinct  pellicle.   A  rin  : 
was  formed  in  certain  of  the  other  cultures. 

It  bhoulu  be  stated  in  tliis  connection  that  in  almot  t 
evQTj   instance  in  which  a  culture  has  differm  froi;  the 
classical  oescription  of  t..  e  species,  tht  variations 
have  oeen  .ositive.that  is,  the  culture  did  not  fail  in 
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ony  characteristic,    out  actuall.;  i^ave   positive    reacLioas 
in  i'f:atures    that  \?ere   supposed   to    dc   ne.,.tive.    This  must 
be   attriuutcd   to   the   prtliirdnary  cultivation   ir    aoscnce 
of  a  better  e  rplanation. 

Turoidity  and   sediment;   while   tr.ere  \7as   nothi  r;  aoout 
either  tlie   seaiment   or  turoiditv  w^;ich  v;ould   disti;v;uish 
^.aeillus   typhosus-  f  i om  the  ma j o r i ty  of  o t hci-    b ac i  1 1  i , 
the  cultures   af^;rced  ver-  well  among  tiicms elves    in  these 
characteristics.      The   brot}:  cultvircr)    of  the   organisms 
were  upon  the   v/hole  more   constant  thwn  i.76re   parallel   cult- 
ures  of  the   otiier  oacteria  studied  so   far. 

Blood   serum;    none   of  the   cultu   res    liquefied   blood 
seldom.    The   filiforrr.  groxyth  preaominatLd,    and    e:d:-uited 
a  tendency  to  spread   sli:j::tly.    This   to   a  Icsses   extent 
occurred   with  Bacillus    co3,i.    Po^siole   the   reason  may   lie 
in  the   fact  that  serum   is  riorc    nearly   likt    the   normal 
blood   serui.i  in  composition,    ana   furnishes   a  more   favor- 
able  paoulum  for  the   organisms,    hen-^e  the    increase  ■   lux- 
uriance   of  growth. 

No  pit^ment  ^=/as    formed   upon  the   serum. 

Potato;    with  four  exceptions,    th^    typhoid    oacilli 
aid   not  grow  visioly  upon     the   partic^ar  m.edium  employed 
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for  these  aescriptir'.ns.  This  ajreec  vei7/  well  with  the 
description^-  of  the  German  writers  who  find  as  a  r.ile 
that  i3acjjL\li§.  Jt^G^iiQSJlis.  does  not  grow  visibly  upon  potato. 
These  results  are  not  constant,  however;  the  same  c  itures 
inoculated  upon  othe'  potato  were  the  baine  in  r^eneral 
character,  cut  tliC  cultures  -.vhich  previously  grew  visibly 
now  aid  not  show  at  all.  Un   the  other  hand  the  other  or- 
ganisms jjrev/  vibiDle,  some  at  least. 

The  jotatoes  were  not  fresh;  the  c^ilture-  were  made  in 
the  spring,  wiiile  the  other  ODservations  were  laadc  in  the 
fall,  with  recently  dug  potatoes.   The  differences, then, 
Liay  be  explainea  partly  upon  this  basis;  it  is  a  well 
known  fact  that  tuocrs  as  -'/ell  as  many  seeds  have  a  lat- 
ent period  lastirg  fro:;  the  time  of  ripening,  in  the  fall 
into  the  spring.  During  this  time  they  will  not  grow,  but 
are  gradiially  undergoing  certai^i  changes,  possibly  charges 
in  reaction  as  well  as  enzyme  change.  HenC'.  th-.  differ- 
ence in  growth  upon  the  spring  and  fall  potatoes. 
In  no  instance  was  the  potato. discolored . 

The  colonics  u_jo-!  the  gelatin  and  agL>r  plates  were 
quite  uniforn  in  appearance,  more  so  than  the  colon  colon- 
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ics.  The  average  appearance  \?ab  chosen,  at  "oefor.  ,  and 
t}aiG  accounts  for  the  similarity  of  the  descriptions  of 
the  plate  cultures . 

Milk;  DacilluG  typhosus  ic  ^aid  to  oroduce  three  dif- 
ferent reactions  in  milk:  an  acid  reaction,  v/hich  persibt-- 
an  alkaline  reaction  which  also  oersists  and  finally,  an 
aiiiphotcric  reaction,  that  it,  the  initial  reaction  is 
acid,  ana  after  a  fs"/  days  usually  not  more  than  five, 
becomes  definitely  alkaline. 

The  cultures  taouiated  in  ti^c  table,  table  2,  sriow  two 
types  of  reaction,  the  alkalixK  and  the  acid  type.  ITie 
acid  cultures  ^vere  aciu  froia  the  start,  and  reiuaincd  acid, 
while  the  alkaline  culturet  were  alkaline  throughout  the 
perioa  of  ooservation,  ten  uays. 
The  amphoteric  reaction  aid  not  occur. 

oth  litmus  and  plain  riilk  '^'as  used,  controls:  were  incu- 
bated unoer  the  same  conditions  as  t..e  cultures,  ano  the 
alkaline  cultures  retested,  witlithe  same  results  each 
time. 

This  variatirn  in  reaction  is  not  limited  to  Bacillus 
typhosus^  3ac i  1  lu£-  d y s e n t: firi ae .  (ooth  the  Shi;::a  and  Harris 
types)  show  the  same  cultural  peculiarities,  axid  in  addit- 
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ion  two  other  variati  ns,  namely  one  in  lyhich  there  is 
the  usual  transient  alkalinity,  with  a  return  to  acid, 
then  arter  a  week  or  more  the  culture  gro'vs  alkaline 
attain,  so  there  occurs  two  uii'ferent  al;-aline  reactions 
witji  ■-   well  marked  acidity  preccediUiS  the  last  alkaline 
reaction.  The  other  variation  occurs  when  there  is  a  tran- 
sient alkalinity,  then  a  Taint  acidity  To  lowed  after  a 
'veek  or  more  Dy  a  sudden  increase  in  acidity, and  no  final 
return  to  t;.e  alkaline  reaction.  1  have  not  noticed  such 
reactions  in  the  typhoid  cultuie-,  although  the  tv/o  organ- 
isiiis  are  q  ite  similar  in  their  cultural  reactions. 
Lack.  Ox  the  five  variation^  in  tiie  Uarvis  ana  Shif-a  or^ian- 
isms  -.7111  a  glutinate  with  the  sair.e  ser  uin,  and  the  same 
holds  true  for  tJie  variation   in  the  typhoid  raltures, 
all  agglutinate  ^vith  a  specific  typholo  serum. 
ihese  variations  sefrto  be  quite  constant,  and  we  are  con- 
fronted with  the  problem  of  aetermiiiii.g  the  value  of  such 
reactions  for  classification  purposes.  Do  they  inoic  te 
different  tpecies,  difff  ent  varieties,  or  they  to  oe  re- 
garaea  as  merely  oiight  aonornalities .  Such  questions 
cannot  oe  discussea  in  tiiis  connection,  although  they 
are  of  sufficient  importance  to  mention. 
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Indol   production;    one    -r  tiie  i.ost   intere&tiag  rind- 
ings    ii";   tiiis    investitjatior   wao   the   production   or   indol 
oy  alir.ost  every  one   ox   the    c   lt,'ares    of  Bacillus   typhosusi . 

Earlier  descriptions    oi'  the    typhoid    oacillus   agreed 
that  this   orf^anism   rarely   or  never  proo.uced    indol. 
Peckham   ( loc .    cit.)   has    found   that  t    is    oacillus   will   pro- 
duce  ir.uol   if   it    is   ^rown   in  ):^€dia  containi^  a  specially 
prepared    peptone,   made    uy     ancrcatic   dii-:estion.    la  media 
containini5  tiis    'panci-eatic  •    peptone,    after  a  soi-t   of  pie- 
liiiiinar:/  cultivation,    bacillus    typhosus   produces    indol 
in  consideraDle   amounts. 

A  sample   of  the    so-called  Fitte's   peptone   was   used    in 
tiiis    research;    it  was   n  ticed   frequently  that   the   cult- 
ures  prodiiced    indol  when  ^^rown   in  media  containing  this 
particular  smple,   whereas    they  v/oulu   produce   only  small 
amounts,    sometimes   none   at  all,    in  otr.er  s.^nples   of  the 
G-ijiie  make.    This   particular   ucptone  jaust  have    oeen   rich 
in  suDstanccs    from  which  nacteria  can  form   indol.  ( ti-yp- 
tophane?) 

Twenty  out  of  twenty  one   cultures   produced   aefinite, 
clear  cut   indol   re?ctions;    if  the   srjne   cultures   were   gro\7n 
in  one    other   saiuple   of   ^^eptone,    the   only   otro-    s.iraple 
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the  difrercn-,  raedia  showed  certain  variations  ;-/ariat ions 
wiiich  were  prooaoly  due,  however,  noo  to  aiiy  lack  of  vi- 
tality upon  the  part  or  the  ort^cLiiisms  tjiems elves,  but  to 
sli^-}it  differences  in  the  composition  of  the  media, poss- 
iDly  to  mechanical  differences,  as  the  distribution  of 
moisture  upon  the  surfaces  of  the  cultiires  themselves. 

Even  the  extreme  variations  T7ere  slirjht  in  comparison 
with  the  cultural  variaz ; ons  of  Bacillus  coli. 
They  agreed  vilth   the  colon  oacillus  however,  in  the  fact 
that  the  variations  were  alv/ays  logical; variations  in 
in  extent,  but  not  in  character  of  ,:5rowth. 
Upon  the  whole,  the  cultures  of  iiacillu:^  typjiosus  were 
the  most  constant  of  an,/  of  the  series  of  cultures  stud- 
ied in  t..is  i?ork,  and  for  t  is  reason  the  most  satis- 
factory. 
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tricd,    no   indol  was   ro;necl,    or  •  t   oebt   only   an   ill   deiined 
trace.    CareTul   contrclo  ^ere  nade   to   insure   tiie    accv.racy 
of  the   tests. 

This   at   once   raises   the   question  of  the   value   of  the 
indol   test  in   oacterial   uiatinosis.    The    Debt  that  one   can 
do   is   to  keep  tiiose  banipleb    of  peptone   which  seem  espec- 
ially s-.itea   for  indol  proauction,    and   Ube  t  em   in  all 
indol  deterninations .    The   test  cannot   ue   a  very  valuable 
one  until   oacteriolosists   can  ootain  sampleb    of  peptone 
that   'vill   be   unixom   in  thi^    respect,   iiention   of  tliio 
poin~   has    alread./   been  r.ade    in    •'art   1;    this    is    an  exper- 
imental demonstration  o^    the   facts    presented  tliere. 

Sumi.iary  of  the   typlioid    cultures. 

Generally  speaking:,    the   Cultural   and  ilorpho logical 
Characteristics   of  the   vario^ib   typhoid    cultures   agreed 
ver;-  well   aiaon^  themselves.    Tiiere  were,hov/ever,    notice- 
able variations    in  a  fev/   instances;    four  cultures   grew 
visibly  upon   jo-.ato,    and    four  cultures   proauced    an   init- 
ial  alkaline   reaction   in  milk. 

Purth',  rmore,    the    relative    luxuriance    of  growtli  upon 
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i^a&illus  •prodif-Uosus ; 

With  the  study  of  Bacillus  proair-'riosus  we  uefi^ir  the 
consideration  of  a  entirely  new  and  marked^  different 
type  or  organism,  the  so-called  ciirono.-enic  oacteria, 
or  those  forms  of  bacteria  .vhicii  produce  pigment. 
The  organibffl  under  discussion  also  liquefies  gelatin, 
another  characteristic  which  has  not  appearea  up  to  the 
present  tii^ic  in  this  work. 

At.  one  reads  tht  literature  upon  tiie  chromogenic  ba.ct- 
eria  and  compares  the  det:. criptions  of  these  or,-^anisms 
with  those  of  iion-chromo  ;enic  bacteria,  one  occomes  more 
and  more  iupressed  with  the  fact  that  bacteriologists 
have  in  general  relied  upon  the  color  of  the  pi,^ent,with 
possiole  a  few  aoditional  characteristics  to  identify 
this  class  of  organisms.  It  is  pos  sible  that  such  cri- 
teria are  aiaple  to  identify  chromogcnic  oacteria,  and 
unaer  ti^ese  conditions  one  will  expect  to  find  tlie  cult- 
ural reactions  to  agree   in  every  particulai ,  allowing 
the  usual  variations  for  iicchanical  conditions  ivhich  we 
can;:oL  control  at   present. 

In  response  to  requests  sent  to  different  laooraoories 
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for  cultures   of  Bacillu&   procli;;ioous      eL^iit  cultureb 
were    reeeived.    Of  tiieae   only   one   was   n  ■n-pi,^  ented   when 
it   reached   the    laboratory;    culture   nurnber  6:    prelininary 
cultivation  restored    its    uir^ment-producin,.;     properties, 
however. 

Bacillus   -orodi;;iO£US    ib    interesting  aside   frora   its 
historical   relations   partly  because   it   is   closely  allied 
to  BacilluL_  inaicus_,    an     or^^janisn   isolated   from  the   stom- 
ach Ox   ail  ape   by  Robert  Koch. 

V.'ith  the   exception  of   t'lc    fact   tiiat  prod i.^io sue   produces 
a  scarlet   color,    and   inaicus   produces    a   brick-red    color 
upon  slant  agar,    the   t\70    orr:;ani5ws    are    identical. 

Tjie   pigment  of  these   two   organism;. ,    particularly  that 
of  the   fori;ier  has    been  studied  with  great   detail    by   ooth 
bacteriologists   and   chemists.    Schneider  has    aone   tlie    best 
work  upon  the   chemistry.    He   finds    that  the    uigir^ent   of 
Bacillus    Tjroaigiosus    is    a  true   dye;    it  will  color  perman- 
ently sill:   and    other  faorics.    The  most   interest, however, 
attaches   to  the    reaction  of  the  pigment  of  the   organism 
to   acid   r.nd   alkalai. 

If  one    acias    to   a  solut.ion  of  the   pigment   in  alcohol, 
ir  to   a  portion  of  a  solid   culture   from  the  surface   of 
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slant   atsar  or  potato   acid,    either  acetic    or  hydrochloric, 
no  change   is    apparent,    or   at   "€st  o;il,y   a  sli.  ;ht  darkening. 
I±    one   adds   acia   to  a  t;i:'iilar   preparation  of  pi,';ment   oo- 
tained   in  like  maniier  from  Bacillus    inuicus,the   color 
iimued lately,    or  mediately,    turns   xror.  the    Drick-rea   to 
the  scarlet   or  purple   color  oi"  proui^^iosus . 
If  one.   aads   alkalai   to   tl^e   prodi.-'iosus   culture,    or  to   tiie 
aci   ified    indicus    culture,      tlie   color  at  once   Cjiaui-ec   to 
the   familiar   Drick-rcd   characteristic   of  the   latter  or- 
ganism. 

This   designation  of  scarlet  and   brick   rej   applies   to 
tiie   color  topical   of  ti:ese  two   organisns    respectively. 

e   shall  see    later  that  even   aetcendants   of  the   same   bac- 
terial  cell,    eit}ier  prodigies  us    or   indie  us,  when  placed 
upon  LKdia  having  the   sane   composition,    as   nearly   as   we 
can  tell,   ^7i.l   produce   at  one   time   the   scarlet   color,    at 
other  tines    the    orick-red    color.    The    organisms    in  other 
words    react   to   changes    in  enviroJUi'Cnt  which  are   beyond 
our  po\7ers   of  detection,    and   product   sometiiiieo    one,    some- 
tiines   the    rther  pigment,    or  some   transitional   shade   be- 
tv;een. 
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At  wi'.l  oc   bren  by  consulting  Taole  o,  one  may  pass 
oy   jiin^erceptiDle  steps  I'ron  one  to  the  other  color. 
In  a  i"6'^/  instances,  the  cr.naent-ation  water  is  scarlet, 
wiiile  the  solid  ;:-rowth  inthe  s  me  tube  is  "orick-rea. 
In  this  case  the  transition  occurs  in  the  same  culture. 
The  whole  qu-:stion  is  a  ucrplexin.j  one,  and  it  is  indeed 
dilTicult  oO  explain  the  occurrence  of  botri  pigments  where 
the  conditions  ooth  oi'  gaseous  and  solid  enviroruient  can 
haral:,'-  vary. 

Cultural  and  Biochemical  Characteristics. 

-^ar  blaiit  cultures;  the  chroino -enesis  has  already 
been  aiscuLsed  quite  ful'y. 

The  I'oni  o£   esrov/th  wa^  yractically  the  same  in  all  cult- 
ures ;filironii  or  slit^htly  echinate  in  appearance. 
The  ;.jrovi;th  v/a;-  luxuriant,  siiinin,-^,  smooth  ana  v/ith  one 
except ion, devoia  o±   viscosity. 

The  elevation  in  ^jrowth  deserves  mention;  in  .general, 
the  elevation  furnishes  data  '^riich  enables  us  to  fonn 
some  idea  as  to  relative  lux-ariance  of  growth  oetween 
different  cultui-es.  If  .  culture  one  the  one  hand  forms 
a  hemispherical  .growth,  ano  on  the  otiier  hand,  a  second 
culture  forms  a  flat  grov/th,  both  filiform,  o/e  en  imme- 
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d lately  declare   the   forr.cr  to    De   a  more  luxuriant  t^rowtii 
tiia,'   tiiB    latter. 

This   cliaracteristic,   however,    can   oe  markedly   chanjcd   oy 
the  method   of  preliminary   cultivation;    the   cultures   of 
Bacillub    jrodijJJBus     were    .it  first   rather  slug.^ibh,    and 
produced    only   flat  ,:i:rowths ;    a  i'e:i  rapid   tranc-er&    to  var- 
ious media  not  only   caused   the  r;roT7th  to   assume   tl_e  more 
luxuriant,    convex  form,    out  tiiere   ^eemeu   to   be   a  tendency 
to   form  pijnent  at  a  higher  temperature.    It   is   a  \7eli 
known  fact   tuat  tlie   orr^anism  &-    a   rule   doe--    not   form  its 
characteristic   pit^r.ent   at  37**,    out   oy  a  series   of  trans- 
fers   from   broth  to   acjar,    to  potato,    to   broth  a.-;ain,    I  was 
aoie   to   produce   pigment  v/ith  all   the    -ultu/es    at  37°. 

Geiatinstab   cultures;    all   the   cultures    liquefied  >:^el- 
atin   rapialy.    Inasiiuich  as    oacteriolo.^ists    rely  upon  this 
characteristic   as    the   first,    and   most   imporbi^nt   of  the 
Biochemical   v-;haracteristics   of   oacteria,    tiiis   was  very 
satisfactory.    The   form  of   liquefaction  was, however,    no- 
toriously  inconstant,    'ilicre  were  hardly  t^vo   forms   of  liq- 
ucfacLion  alike.    This    emphasizes    once  more   the   fact  that 
the   ti-elatin  stao   culture    is   valuaule   only   as    a  convenient 
method    of  deten:;ininii   the    liquefaction  or  non-liquefaction 
of  t;e  latin. 
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Eroth  Cultures;    about   one-half  the    culturei-.    i'onaed 
rin^s    in  broth.    The    tenaency  to\7aru.   rin,^  formation  var- 
ied  sli,^-tly   in  the   difi'erent   cultureb,    althou.^-   thit    it 
not  \7hlly  to   oe   explained   as    an   idiotiyncrasy  upon  the 
part   of  ti.ese   oroinisms.    The   diai'ieter  of  the    tube,    as   has 
alrcaay   Deen  pointed   out   in  Part   1,   has    considerable   in- 
fluence  in  thia    re&rtct. 

For  example,    one   of  the   culture^    produced   a   riiv;   i-i    a 
tube   of  moderate  diameter,    (16  nillir.etres)   while    in  a 
narrow  tube,    (10  miliiruetreb )    it  almobt   invariable   pro- 
duced  a  thin   uut  distinct  nenbrane. 

The    lack  of  oxyjen   in   the    deep,    narrow/   tube  prooably  acc- 
ounts  for   the   transformation  frou  a  rin^^  to   a  well-defined 
pellicle. 

The   turbidity  and   sedipient  were   non-characteristic, 
except  for  tj.eir  color;    even  this   v/as   not   conctant. 

Blood   seinim;    there   -va-    nothing-  particular;/  character- 
istic  aoout  the   growth  upon  blood   serun,    either  the   form 
of  r;;rov,'th,    ciiror.o.^enesis   or  relative   luxiriirce   of  ^irowtrx. 
All   the   cultut-Cc  ,    however,    a^sreed   in    Liquefyin,-  ti:e  medium 
with  considerable   rapidity. 
!0t  all  the   cultures   produced   pi^pfient,    and    t  _ose   that   dia 
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product   a  colored   growth  were   not  characteristic;    the    color 
^a&   merely  a  raint  pink. 

Potato;    ~]-ic    variaticnfc    in  chro.  ogenesis   upon  potato 
were    quite   as   marked     's  upou  slant  a^ijai-.A  very   intere&t- 
in^  point  came   to  vie'.?  in   ti.is   respect;    one  woula   a  priori 
expect  that  the   variations    in  chromO: genesis  would   be   at 
least   consistent;    if  a  particular  orijanism  j,ave   a  brick- 
red  upon   agar,    it  should  give   a  corresponding  color  upon 
potato.    Tliis   was   not  the    case,    however.    Sone  of  the    red 
cultures    Dccaine   scarlet,    and  vica  versa. 

AltJiough  the   cultures    v/ere   unaouDtedly  Bacillus 
prodi^-^iosus    in  every  instance,    the    indicus    color  appeared 
in  soiAc    instances.    In  all   otjier   respects,    the   cultures 
were   ci^aracteristic   of  prjdigiosus . 

A  specific    comparison  of  the   agar  ana   potat-o   colore   of 
tixe  various   cultures    will   inaicate   the   changes    obt   inijig 
as   the    organisms  were  grown  upon  the   different  media. 
Culture    1.    grO'7th  pinV  uoon  agar,    scarlet  upon  potato. 
*      "  2.         "    u rick-red    "  "        red  "  " 

"  3.         "    pin]:  "  "        Lcarlet        "  " 

"  4.        "    pink  "  "        scarlet 

"  5.        "   scarlet        "  "        red  "  " 
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Culture   6.    ^^rowth  scarlet  upon  ar^ar,    red.Ush  upon   v.otato. 
I.  7,  "        pink  "  "        scarlet        "  " 

H  8.  "        pinlc  "  "        scarlet        "  " 

*  this    iB    tiic   typical  Bacillus    indioiis.  color. 

The   above    taole   iihows   not  only  the  variat^-nt-   upon 
uota^o   and   a^^ar   respectively,    but  the   tendency  to^varu   the 
roriiiation  ox   darlcer  pigiiient  upon   potato.    T   is    isj   not   in- 
frequent with  bacterial   pie^ents. 

In  general  one   car;  say  that  tjie   fundamental   color  of 
the  growth  ic    the   same    in  any  case;    a  red.    'i'l.e   particular 
tint»    ifc   variable   in  the   extreme.    Thii;    is   ox    importance 
in  ti^e   claBiiii'ication  of   oaceria;    Wiiile   the    "leneral    ">en- 
dency  upon  the  part  of  the   chromo^^enic    Dacteria   is   tow- 
ards,  variation   in  tint,    yet  tiae   fundamental,    predommatia- 
color   is    reasonably  constant. 

The   form  of  growth  upon  potato  was    practically  the 
same   in  all   ti.e   cuitureb ;    filiform  or  sli^^hly  spreadijig. 

The   elevation  of  (growth  v/as    less  marked   than  upon  the 
a,:;ar  blant,    ana   r  aif^^-d   .rom  a  flat  t,o   a  sli  ;i:.tly  convex 
^rowth.   As    uefore,    tht^e  variauion-    in  elevation  represent 
in  general  sli^jht  variap  ons    in  the   luxuriance   of  the 
growth. 
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The  other  ciia-racteristiCL ,  Instre,  discoloration  of 
potato  ana  aosence  of  gas  yroductioji  were  coriiparativeiy 
GOUbtant . 

Agar  and  gelatin  colonies,  it  was  more  difficult  t,o 
find  characteristic  colonies  with  the  Sacillus  under  con- 
sideration than  was  tiie  case  -vith  the  typhoid  and  colon 
colonies;  the  colonies  of  the  latter  bacteria  were  quite 
regular  in  outline, and  a^^reed  very  wi  11  in  almost  every 
pai ticular. 

The  joloniei^  of  Bacillus  prodi^iosus  were  (^uite  var- 
ied in  forri,size  and  pij^mentation.  A  ^^reater  diversity 
in  foriri  and  color  occurred  than  with  any  of  the  previously 
deseriocd  or^ianisias .  There  were,  liovreve-i  ,    certain  features 
that  were  reasonably  jonstant  and  characteristic,  anu  it 
v/as  "CO  these  tjiat  one  wo  Id  naturally  look  for  a  descrit)- 
tion  of  c;.lonirE  which  would  auproxir.ate  t.e  avera^^e  colony 
appearance . 

The  cultures  of  Bacillus  prodi,::iosus  differed  fron 

one  another  in  the  extent  of  tl-.e  looation  of  the  edges. 

The  elevation  and  optical  characters  were  constant. 

Yae   general  fonn  of  the  colonies  was  that  of  amore  or.. 
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les£  pronounced  rosette, altliou^-h  one  could  find  all  grad- 
ations oet-veen  the  round  colony  \7itr.  almost  entire  ed^^e 
to  the  deeply  looed,  rosette-sliaried  colony. 
The  simpler,cli-^jitly  looca  colony  seeius  to  represent  most 
nearly  the  form  that  one  woula  coiiri^ionly  meet  wii,h,  and 
in  ^i^eneral  one  can  say  that  of  all  the  colonies  formed 
by  a  fi.'iven  species,  the  laoot  symmetrical  and  least  compli- 
cated are  apt  to  oe  the  usual  form. 

The  colonies,  tlien,  are  round  or  slightly  lobed, 
the  elevation  usually  slj.ghtly  convex  (  thib  also  holds 
true  for  gelatin  colonies  oefore  they  oegin  to  liquefy) 
internal  structure  cither  sli,^htly  granular,  or  more  often 
hyaline  and  amorphous. 

The  pigmentation  of  the   coloiiies  is  leso  marked  than 
upon  the  agar  slantsprobaDl /  because  of  tho   fact  that  the 
layer  of  organisms  is  less  thick. 

Tiie   gelatin  colonies  were  darker  than  the  agar  slant 
pigment, due  to  the  fact  that  tiiey  wer-  grown  at  18°  in- 
stead of  34°.  The  pigment  is  more  pronounced  at  a  lower 
temperature. 

Crystal  x'ornation;  culture  number  3   formed  rather 
large  crystals  upon  agar,  although  they  were  not  found 
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in   any  other  ireaia  or  fori.cd    by  any  otiicr  culture. 
In   lar.er  exoeriricnts   with  ti;e   saine    culture   the,;   railed 
to  forn  a^ain. 

Milk-   every   culture   of  Bacillus    orodi^-iosus    decolor- 
ized  the    litmus,   usually  alr.ioi^t   coiiiuletely.    The   or.'Sanisms 
have   the   power  to   reduce   nitrate   solutions   vi,^oi-out  ly, 
and    it   is    Lyaioe   poosiolc    that  thi^   may  account   I'or  the 
reduction   of  t>xe   litra'is.    On  the   other  hana   zhe   orjianismi; 
prouucc   considerable    acid    in  othei    rr.edia,    and   one  may  per- 
fectly v/ell   aecrioe   this    decolorization  to   an  excesi.ive 
acid  procmction. 

One   ^reat   aisadvantar^e   of  uein,-   litmus   mil!:   is   the 
fact   that  the   litmus    is   so   rcaiily  decolorizeu;    one  must 
keep   addin,;   litnus    if  one   wishes    to   lo^lov;  tiie   chan^^es 
in   rea,;tion   from  day  to   day.    A.-ain,    the    litmus    is    not 
without        certain  antiseptic   action  upon  cert-iin   oacteria, 
iniiiDitins  to   a  greater  or  lesser  extent  the    luxuriance 
0-    .growth.    The  advantages   of   litmus   nilk, however,   more 
than   Offset  the   disaavantaejes,  .particularly   in     ertain 
groups   of   uacteria   in  which  the    reaction   chan-es   f ,om 
acid   to   alkalixie   in  a  characteristic  manner. 

In   this    investi,rition,    all  the    results   were   checked 


n^  an  01 


-to' 
-T^«  y;m>  jua  tttM  9^^'-- 


i^Afii 


-125- 

a,;iainst  plain  milk;  in  tiic  lafoer  mediui;.  the  reaction  viis 
determined  by  direct  titration. 

In  addition  to  deGOlori::;in,-,  th  litmus-,  the  oacteria 
coagulated  the  milk  with  consideraDle  r  :  idity.  The  liq- 
uefaction of  tne  coat5ulu]n  was  not  conbtant;  eo;".e  jxxltures 
licLTicfied  the  ciscin  to  "   considerable  dcgret,  ^'/'.Alc   other 
cultures  aid  not  stem  to  change  it  ".t  all. 

The  liquefaction  of  casein  i&  not  a  ver /  constant 
uiienonenon  v/ith  many  bacteria,  and  does  not  in  "ny  eense 
indicate  a  difference  in  species  merely  because  the  indi- 
vidual cultures  van/-  in  this  respect.   The  pa:-t  history 
in  irany  instances  v/ill  influence  this  characteristic  to 
a  considerable  decree. 

Fermentation;  none  of  the  cultures  produced  .^ae  in 
either  dextrose,  lactos;  or  saccharose.  Tiie  oacteria  v/ere 
capaole  of  spliotiiV>  de::trose,  however,  at  is  shoim  by 
the  fact  that  every  culture  produced  considerable  amounts 
of  acid  in  thio  medium. 

The  i^rowth   in  the  cIol?  >  am  was  very  variable;  some 
cultures  proauced  a  decide   turuiaity  in  the  close  s  branch 
of  the  fermentation  tube,  some  «id  not  gro^v  at  .11  appar- 
ently, ana  some  were  doubtful.  One  3ou1j   ardly  say, even 
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after  the   lapse   of  >vee.k  whether  there  was   ,-;rov/tii  present 
in  the   closed    arn  or  not. 

This    callt    attention  once  more    to   the  uns at iL- factory 
character  of  ^rovth  in  the   closed    arn   in  certain   cases. 
Some    Dacteria  produce    ..   luxiiriaiii,  growtii,    fcomc   f^row  mociev- 
ately,   some   eithci    very  sli;ihtly   or  not  at  all;    tnis   may 
occur  with  different  strains    of  tiie   sa.ae   species    of  or- 
fjanism.      une    is   not   ;,    stifiea    in   discard in,-^  entir-ly  any 
bacterial   characteristic    oecause   it   is   not   constant   in 
a  ,<;iven  case,    out  one  must   choose   for   -jurposes   of  class- 
ification and    identification   of  oacteria   ohose   criueria 
which  are   ti^e  most   constant,    and   dc^jradc   the   others   to 
characteribtict   which  may  be   of     conf innatory  value, 
after  a  ,  ;iven  organism  ha.'s    been  placed    in  ibs    proper  group. 
'fhe   theoretical   considerations    involved    in  the   growth   in 
the   closed   arm  have    oeen  discussed    in    ^art   1;    the   ex:m- 
ple   notea   a^ovc    is    a  very  good   one    illustrative   of  these 
concepLions,    anu    is    introduced   for  this   purpose. 

Nitrat'.    reduction;    all   tjie    cultures   of  i3acillu^-    prou- 
ijiosus    reduce  a   nitrate   to  nitritt    and   to   free   amjnonia. 
In  certain  cases    the    reduction  was   so  great   as    to   cause 
a  precipitate;    a  ailution  of  l/25  witJ;   nitrate    free  water 
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v/at3   used   in  such,  ins^tance-. 

Indol  production;    consideraole   dirficnlty  -ms    exper- 
ienced  in  ootainin.^  colutionb   lOr  the   inao.   tebt  which 
were   free    iTon  the   orodi.;i--sub    color    ;    the   pi.sment  pro- 
duce-.  Dy  this    oacilluo    is   not  unliVc    the   color  or  the 
nitror.o-ino.ol  sulpiiuric   acid   coinpouna,    and    :  ne  would    be 
puzzled   to   distinguibh  oetwecn  the  two.    ?'inally  tiic    expe- 
dient  or  growing   zne   cultures    at   40°  ^^ac    tried,    and   it 
was   round   that   in  eucxi  c  ..Itui-es   no   color  appeared. 
All   exc- pt  culture   nuinoer     3   produced    imiol. 
Summary  of  Bacillus    uroaic^iosuu    cultures. 
The  study  of  the    jrodi^jiosus    cultures   has   rxelped   to 
elucidate   several   points   oT     araraount   interest   in  system- 
atic  ana   descriptive    uauteriolo.5y. 

The  nost  strikinf^   reatu.re   aoout   a  culture   of  Bacillus 
prouif^^iosus    is    its    urilliant    uij^nent. 

The  most  noticeaole    Teature   aooat  the    culture-    of  this 
or;-';anisiii  studied    in  this   work  was    the  multiplicity  of 
shades    of   red   when  they  v/erc    compared  side    oy  side, upon 
the  sane   inedia. 

This    is    not  'Without    in-cercst    in  systematic    uacternol- 
Of^y:   many  clastif ications   d   pena   anon,;  otiier   character- 
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isticb   upon  ciiroiTiogencsis    for  uivit^ion   into     .groups. 

Tiie   &tuay  or  t.icsc    :;ultures   rurnisiieii   pobitiv^,   evid- 
ence  roT   t.x    in-cercbtin.:5  ana   iirportant   Tact   j.ust  mentioned; 
that  '.viiile   tjie   shacie   or  tint  may  vary,    trx£   funaar-iental, 
or  -or.  doninatin^   color   iti    constant. 

Tiiib   seened   to  holu     :ood   upon  both  a=;ar  ana   potato 
£.lant,s:    upon   oiood   serum  pi,^-i:itnt  was    not  produ.ced, .  xceot 
in  a  very  few  cases.. 

Cultural   ana   Biocjieinicai   Ciiaracteristics ;    the    lique- 
faction of  r^elatin,    I'ementation,    nitrate    reduction  and 
indoi   proauction  were  very   constant  witji  every   cul~ure 
of  £acilluL    prodie^iosus . 

It  seei;is    very  prouaoly   from  thit    study   that   Bacillus 
prodij-^iosuc   ana   Bacillus    inaicus   are   not  t'^o  species,    as 
was   oritiinall;,-  supposed,    out  at   oest   only  two   suo-variet- 
ies    of  the   same   or,;anisin;    thcii-  only   difference,    at    ..ho'/n 
oy  a  comparative  study  of   the   t^o   or^anisns    is   a  tendency 
to   forr.  different   colorLu   pi-ments:    even   tnjs    is   not   cono 
stant,    anu   they  are   constantly  chan.5in.^   froia  one   to   the 
other  color,    even   in   the   soana    culture. 
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Baeillus  Pyocyaneus . 

Baoillub    pyocyaneus    (Pseudomorafc    pyoc  .-anea)    ic    an 
ort^ani^m  of  extreme   interest   to   tie    oacteriologist   from 
every  poi.  t   of  vievv. 

-lot   Oiily  ii.-    it  patho  ,enic   for  wan  and    tJie    lower  ani- 
mals,   put   it   ib    also  of  great  si^^nificance   from  pi.c   stana- 
point   of  clatsif  ication,    rep;  eaentii^-;  at    it  does   alnoct 
the   f  xtreme   of  Cultiiral   ano   biochemical  possibilities, 

JacilluG   pyocyaneus    liquefies   ^ela-Lin,    blood   serum 
and   coaj.ilatet    a-.'^d    liqu-  fies    casein.    The   enzyme  -yhicj. 
causes   the   latter  charr^e    is    rather  different   from  the    len- 
nin  producea    in  the   human  stoi.ach;    the   forner  acts    uest 
in  alkaline  solution,    and   one   finds   the    terminal   reaction 
of  .ilk  usually  al];aline. 

I'he   chromo^yenic   and   flu-iresccnt  properties    of   this 
or^^anism  are  marked. 

The   earlier  oDservers    oeiieveu   there   were   tnrec    pi,;;- 
ments   produced ; 

1-  pyocyanin:    coluule    in   chloroform  and   ether,    olue-^-rcen 
in  color,  insoluole   in  v/ater. 

.-<-  a  fluorescent,    .-greenish  piA^ment, soluble    in    ■jc.zer.onz 
net  soluDle   in  etr_er  and    chloroform. 
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3-  a  red-orown  pi^^ment. 

Tne  latest  vebcarches  seem  to  indicate  that  t;.ere 
are  out  tvTO  pigJients,  the  pyoc /anin,  characteristic  or 
.'acillub  pyocyaneus,  ana  the  fluorescent  pigincnt.  The 
reii-0ro'.7ii  p:  pncn-  is  out  a  noQification  or  the  pyocyanin. 
Thit  modiried  pi.^mcnt  it<  ox  ten  eooken  ox  as  Pyoxan  those. 

The  pyocya.iin  ana  its  associated  modiried  pi,^r.cnts 
oroduce  a  ran^^e  or  color  \'/hich  has  oeen  thecause  of  much 
confusion  amon..^  oacteriolo^ists:  many  have  fallen  into 
the  error  {■.  perfectly  natural  one)  of  interpreting^  theso 
variously  colored  chromo.jenic  products  as  of  specific  im- 
portance.  Various  'varieties*  of  Bacillus  pyocyaneus 
have  oeen  aescriues  accordin  .  as  ore  or  another  of  these 
pi^^i.e'nts  have  seemed  to  predominate. 

Wassermann  hat.  puDl_shed  in  ilolle  und  V/ae  s e nnann '  s 
HandDuch  der  :-'atho  ;enen  L'likroor, ;anibnen,  '/ol.3,p.47-S  an 
excellent  resume  of  the  pre-ent  condition  of  o'r  knowled^^- 
relative  to  this  point:  the  results  of  the  work  upon  this 
or,yanism  confirm  his  results  -erf ectiy,  and  I  can  ot  do 
uetter  than  to  quote  ..is  results  in  this  cornection. 

"Auf  A>^;aT-\^;xir   aub,;estricnen  wftcht  der  Pyocyaneus  oe- 
son.iers  Dei  Bruttenperatur  sehr  iipoig  in  Form  cines  feu- 
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chten,    ziewlicii  dicken,    r^rauen  Rastns,    6er  uurch  ?arb- 
stoffprouiihtion  den   -csanten  A^^ar  ^riia  I'&rot  und   auf- 
hellt.    N'ach  1-2  Tae^en  vcrEc^i^inder,  ,3£w&iii-ilich  airi.e    -iHijie 
ParDe  und  weiciit  ein&r  roturauncn    (s.u.)    Dj.c    :«'aroemraaiice 
Qois  i-eoilaeten  Pi^^menteb   kann  sehr  schwankcn,    h&llj^rttji 
ois    ulau  oJcr  --riinlichoraun.    Sic  i.^-n^t  sum  Teil  von  den 
oetreifenden  Stanne,    zmn  Teil  voji  dem  jlSairi-OQen  ao.    So 
sail  icli  tti-oers,    das;     ein  unci   derselb   Stainm  auf  einem  .^^ar 
grttne,    auf  einera  I'rischen  cjleichartigen  ^V^ar  dagc<^cn 
Dlaue,    '-lur  einen  dritten  grftnlichbraune  VerfSiruun.;^  er- 
zt.u,5te .    Orrenoar  ^^enttgen  schr  ,<;eri.  i^e  veranderj.j\;en  des 
x'Sjaiboafns  nierzu,    nad   es    ist  niclit   oerechti,;t,    auf  Crinxad 
solcher  f;crin;-;er   ■.nterschieae    in  der  Farbst,offprodukti  nn 
versciiiedene  Kassen  des   Bacillus   py o e ■/ ane us   aufzustellen 
(s.u.)" 

More  will  ue  .aid  in  i-'art  3  concernin,^  the  cr;an  ^es 
in  color  of  the  pi;-nent  :is  one  nakee  oDservations  from 
a ay  to   day. 

Cultiiral   ana   liiochemical   Oharacteristicc . 

Aside   f  1  oi:i  tiie  variations   noted    in  Chro:noi;enesi^    and 
Pluoreccence,    t>ie    ari-ar  slant:   culmrer    of  BaciLlus   pyocyan- 
eus   showed   co.niparativelv    lictle   difference,  upon  the  whole. 


:wk  HOY  Haft  acs 
V  uMiiA  Via 


ij9rts»,ii6siiMiti 


U^ 


>i;k  nadt 


til. 


iftjii   iL-iJiiLi 


i.>;;oI':    cft.? 


-132- 
With  but  tv;o   cxceptionscultures   nunoer  4  and   5,    the  .growth 
'v:s    riliforLi,witli  sli  ;ht   tendency  to  spread.    The   two   cult- 
ures laentioned  were    echinate,althou.;h  this;    form  of  oro-vth 
is   of   the   s-ne  order   at.    the   xilifonn  growth, and   has   no 
particular  sij^nificance . 

The   culrurfs   Tere   flat,   eurface   smooth,    althou.^h  at 
times   there  seeinea   to   oe   a  tendency  toward   an  iinDilicate 
elevation.      This  was   marked   in  culture   numoer  4. 
\t  times, t:o,    the  surface  was   slightly  \7rinkled,or  even 
punctate.      As    a  rule    tue  growths   were  chining, altl-ough 
certain  cultures   seemed   to  hove   an   iridescent   luster. 
This    v/fis   very  marked   witii  certain  media  to   ue    aescritDed 
later   ,    in  ?art  3. 

The   cultures  were   as    a   rule   devoid   of  viscosity, and 
opaque . 

Chrorio  ;:enesi^   and   Fluorescence   have   been  described: 
two  cultures   however,    ae^en/e     special  mention.    Cultures 
n-imoer  5  and   5  did   not  produce   either   uigment   or  fluores- 
cence.   Their  growth     as   vciy  similar  to   the   character- 
istic  growth  of  Bacillus    coli,    except   lor  the    I'act   that 
they  had   a  mor-r    or   less   pronounced   iridescent   lustre. 
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Gelatin  stab    ;u.ltures:    Bacii-lus    oyocyaneus    liiiuefies 
eelatiu  with  great   rapidity, especially  when  the   cultures 
are   in  a  state    •-x'   rapici  vegetative   re>-roauction.    The   fina- 
in.-s  with  the    17   cultures   examined   in  tliis   \70rk  \7ere   no 
exception  to   the    rule.    liach  and   ever,/    culture   a,5rfed   per- 
fectly  in  this    resuect,    althou.-h  ti.e   Tona  of  liqueiaction 
shO'-ved   ever/    oo&sible  variation. 

A  re":  c-altures   produced    a  pellicle   upon  the    liquefied 
gelatin. 

A  fe'v  or^^anisms   -nioyr-  d   a  well  marked   fluorescence 
upon  ^c^elatin.    It   is    jarticularly   interettin.,  and   signif- 
icant   to   note   that  of  these    c    Iture:  ,    one,    nuiaoer   6,    did 
not   exhibit   and   fluorescence   upon   the   agar  slant   even 
after  the   tenth  aay.    Tjiere    is    no   explanai:i.;n  for  this 
remarkable  yariati:n. 

Culture    5    ,rew  well   uotji  upon  gelatin  and   a-ar;      it 
liquefiea    the     ,elatin,    ana   producea    its    characteristic 
fluorescence   upon  tiiat  medium,->vhile   upon     .^jar  there  was 
not   the  sli^'htest   trace   of  fluorescence.    Thii     oecones   ti:e 
more   extraordinary  when   one    reiiem.crs    tnat  the   oi-ganism 
had   in  conu.ion  with  the    typical   cultures   the  same   prelim- 
inary cultivation,    and  y as    inoculated  upon  som  les   of 
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Kieaia  of  the  same    lots    in  eacj.  case. 

Brotii:    A  raw  cultured    . reduce  a   a  pellicle  upon  this 
medium.    It   is    interestias   to   note    ti.at  there    i;^   I'O   para- 
llel!  ir,   oet\-;een  the    Tomation   ol"  a  pellicle  upon   Di-oth 
an  J   upon  tiie   liquefiea  fj;e  latin. 

The   cultures   ox"  Baciliub    p;/0C7aneus      furnish  the    firt-t 
instance    in  wnich  the    on^anisns   were   deficient   in  feoi.>e 
G  laracteristic:    the  majority  of  the   d.  i^criptions   of  this 
organism  a;5r  e  tJiat  the   fonation  of  a  pellicle    is    the 
rule   rather  than   the   exception. 

The   turuidir.y   and   s    aiment  ivere   not   characteristic. 
Cultures   niiiiiLier  2  ana   12  producer   fluorescence,   while   the 
re;:;ainaer  ^verc    devoid   of  this    characteristic. 

Blood    Semijii;    olooa   serun;   .vas    liquefied    oy   every  or- 
jSanism   repi-escntino  Bacillus    pyocyaneus ;    the    serum    ■■as 
usually  stai  ed  ,;reenish-yellow,duc  to   the   foimation  of 
pyocyanin.    Thi-    oi^^ment  penetrated   to  a  consideraole 
de.-rce   tlie   surrounding^  unliquefied   serum. 

Potato;    the   foriii   of  growth   was    quite   constant  upon 
jotato  ;    the  general    type   *7-'iS    filiform, j-iOn-ch'r-raGteristic 
rrowth.    The   extent,   of  the   e^ro ''th     varied    froiri  a  limited. 
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narro^v  stripe  to  ■.  rather  ^oroaJ  band.  The  elevation  was 
also  varied;  ran.^in;  froi.;  a  flat  thin  layer  to  a  raised, 
decided  ly  capitate  surrace.  The  suri'^ce  was  a  bhining, 
snooth  production  at    "'    rule. 

i'ne  potato  showea  thre^  typeo  or  discoloration; 

1-  a  siiaplc    darkenin^i. 

2-  a  mort.    or  less   diffuse   blue-^reen  disool.  oation, 
5-  a  i"e7  cultureb   thoi^ea   a  tendency  to   form  a  pinkish 
discoloration  of  the  meaiun  adjacent   to   the    culture    in 
addition  to  the   blue-t^reen  discoloration  previously  men- 
tioned . 

Chroi.'io^enesis ;    the   ueual   color   Jiffered   some'That   from 
tiiat  proauced   uijon  the   a,;5ar  slant.    Althou.-h  taliish  and 
greenish  piti'ments   were   seen  in  a  fe;/   insT,ances,    the  usual 
appearance  was    a   rather   -rownioh  surface.  'one    of  the 

or,:ianiems  produced  absolutely  no  pi.-nent  upon  potato, yet 
these  cultures  were  on^j;  t  e  most  active  in  ti:r  .-general 
react]  one,    and  j^re-v  luxuriantly;  upon  this   nv.dium. 

The   so-called    chameleon  phenomenon'    uras   noo  at   all 
constant,    althou  .h  re  garden   as   of  dia.jnobtic    importance 
oy  many  ooservers. 

uelati.'   anu   a^^ar  colonies;    the   ijeneral   characters   of 
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trx  ,c latin  colonies  were  oubcrveci  ■  efore  liquefaction 
Dt-;an.  After  tiic  neaiur.  be,-;an  to  soften,  tlic  coio:.ie£ 
assumed  a  Gauccr-shapea  appearance  ,  with  tjie  central  part 
opaque,  due  to  an  accunulation  of  oacteria.  It  thould  oe 
^'oatfcu  that  the -form  of  liquefy  in.-  colonies  uoon  gelatin 
plates  are  non-ch^.racteri-tic,  ana  for  ti.i^  rea.  on,  do 
.  ot  appear  either  in  the  descriotions,  or  u  .on  the  tables 
tl,ensel^/-es .  Tiie  oest  that  can  cc  done  in  su.ch  a  case  it; 
to  I'lake  the  desci-iption  oefore  liq;!efaction  has  ber^un. 
The  a^ar  colonies  were  very  constant  in  every  p  rticular- 
forin,  elevation,  character  of  the  euge  and  tiie  microccopic 
s ' ructure. 

Milk;  The  cultur/s  of  Bacillus  pyocyaneus  fon^iea  a 
rjoft  coagul.un  which  rapial/  liquefied, leavin;  a  turuid, 
uro\7nisi;  li::ipid  liquia, which  was  alk.aline  a.-    a  rule  in 
1 eaction. 

Fermentation;  tiie  cultures  did  not  produce  {^as  in 
dextrose,  lactose  or  saccharose.  Tiicy  a.^reeu  in  prodicin^ 
Bo  acid  fevmentation  of  tne  dextrose. 

Nitrate  reauction;  nitrate  was.  reauced  uy  ti:ese  cult- 
ures ootix  to  nitrite  ana  to  free  ami.ionia.  Tiie  reduction 
w  £  very  great  in  some  cases. 
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Inaol   proauctioi'i;    tiie  ina;'Orit.'/  of  acscriptions   do   not 
attribute   to   x'^acillus   p.yocyaneus    the   power  or  roriiiins 
indol.    Here   a^ain,    the    orclin. nary  cultivation, ana   also 
the   excellence   or  the   s  iiiple   of  peptone   ceon  to  show  that 
certain  strains,    at   least  of  t- is    oacillus  laay,    and   do 
to  rill  inuol,    if  the   conciitions   are   lavorable. 

The   typhoid    c    Ituies,    it  ^7iii    oe    remeiuDerea,    with  one 
exception  I'orned    ijidol;    the   c   Iturcs   oi'  Bacillus   pyocyan 
eus    .7ere   aoout  evenly  divided,   half  formed   indol    in  con- 
siderable  amounts,    the   rest  did   not     give   even  a   trace 
of  t..is   suDstancc. 

'A'ith  the    study  of  tiiis   organism,    the   firs-t  part   of 
t,  c    cultural   work  imdertaken   in  this    re.. carch   ib    coiTiple- 
ted .    After  sujiiinarisini^  tiie    re&ults,    the   sub.-ect   of  var- 
iations  0GCU-.  rin^^  v;hen  the   same   orejanisir.   is   placed  upon 
different  nedia  of  the   same   kind    'vill    ue  discut-sed. 
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SuiTu:ary  of  Part   2. 

Invest io-at ion  oi"  dixTercnt  cultures   or  tjie  sanie   bact- 
erial  species    froi.  different  tourccs  upon  th.e  t^arr.e    lots 
of  Kiedia  unuer  the   same   conditions. 

The   otojent   of  this   porti   n  of  the    inve&tif^ation  was 
to  deterriine    oy  direct  ex-yeriment   if   oacteriolo^^iists,    in 
spite   of  differences    in  method   and    teciiiiique,    a.^rte    in 
essential   points  upon  those   characteristics   which  are 
necessary  to  dv;^inc    a  bacterial  spLcies. 

Culturet-    of  four  coru:oi:,v/ell  known  orr^anisms.    Bacillus 
coli,    typiiosus,    prodifiiosus   ana   pyocyaneus,^ere   oota  ned 
froir.  a  numuer  of  laooratories,    and    in  addition  a  i'e^ 
cultures    from   recent  autopsies. 

The   various   cultures   were   ylated    out,   to   insure   pur- 
ity,f^iven   a  careful   prelininai-y  cultivation  and    inocul- 
ated  into  a  series    of  media, made   accordin^;  to   the   Amer- 
ican Public   Health  Association  methods.    A  f e ?  slight  mod- 
ifications  were  made    in  the  methods    of  makin,;  redia,    v/i;ic  . 
have   been     referred   to   in  tm.   text  aoove. 

The   cultures   were   examined  upon   the    first,    third, sevcntli 
ana   tenth  days;    only  the    ten  uay   records    are   considered 
in  this   connection. 
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The  reoulti^  ;.  iiov/  i.e.veral  interestiiw;;  and  important 
facts ; 

1-  Y'ith   one  exception,  the  culturcb  ri,;reed  in  essential 
ch  racteristic-  with  the  type  species  of  which  they  ^lere 
representatives . 

2-  The  cultural  reactions  ox'  the  Dacteria,  while  not  abso- 
lutely identical,  were  or  such  a  nature  that  one  could 
rely  upon  them  within  certain  limits  Tor  descriptive  pui-- 
uoses  ;  ti^ey  were   characterii=tic,  althou  •;h  not  specific, for 
each  species  of  orj^anism. 

'6-   The  cultural  variations  were  slight,  usually,  and  were 
apparently  aue  to  slight  variati;-ns  in  the  relative  lux- 
uriance or  intensity  of  ^jrowth;  never  to  differences  in 
metjiOd  of  reproduction,  or  mech-nics  of  colony  fonnation. 
4-  The  biochemical  reactions  divide  tiiemselves  quite  shsrp- 
ly  into  two  j^roups  ;  to  the  firt-t  group  belon,,-  Uiose  re- 
actions which  were  constant  for  each  culture  examine  a, 
and  would  probably  oe  constant  for  an..'  species  of  bact- 
erium. To  this  si'OU';  belong  tix  production  of  gas  or  of 
acid  in  feriaentation  solutinns,  and  probaoly  the  nitrite 
reduction. 
To  the  tecond  group  oelong  those  reactions,  which  while 
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not  absolutely  constant  for  all  oacteria,  bt:,iii  arc  of 
great  :;  poi-tance  in  certain  groups;  sue?,  reactionb  arc 
not  of  general  clabsif icatory  value,  but  of  specific  im- 
portance. They  are  esr.ential  for  the  iaentif icaLion  of 
certain  groups  or  certain  specific   bacteria.  To  this 
class  belong  the  reactions  in  milk,  the  free  amnonia 
proauction,  indol  production  anj  growth  in  the  closed 
arm. 

Bised  upon  the  evidence  herewith  presented, then,  one 
may  distin<;:uish  t\yo  classes  of  reactions;  those  wh.ich  are 
Of  aiagnostic  iiAportancc,  ana  those  of  confiniatory  impor- 
tance. The  forj.'ier  constant  for  all  bacteria,  and  suitable 
for  use  as  criteria  for  division  of  bac^.eria  into  groups: 
the  latter  of  diagnostic  importance  in  certain  groups  or 
species.  The  latter  class  v/ili  not  ue  of  material  use  for 
general  divisions  of  oacteria,  out  are  limited  in  their 
application. 
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?art  111. 
Invest if^at ion  of  the  same  species  or  oacteriun  upon 
diiTercnt  media  under  the  same  conditions  to  study; 

1-  ini'luencc  of  reaction  of  the  r.edium. 

2-  influence  of  th.c  concentration  of  tJie  medium. 

3-  influence  of  temperatiire  and  moisture, 
4r  time  factor  iji  final  result. 

5-  influence  of  certain  alDu;:;inou:-  iuDstances. 
G-  the  'personal  factor'  in  determinations  of  the  same 
cultural  phenomena  by  different  observers. 
7-  value  of  various  cultural  and  biochemical  chsracter- 
isticfc  for  oacterial  classification,  oasea  upon  their  rel- 
ative constancy. 

In  the  t, revious  chapter  of  tiiis  uissertation  the  meth- 
ods employed  in  species  deterv:;ination  riave  been  disc^issed; 
their  iclative  importance  and  comparative  accuracy  ascc^r  - 
tained,and  fi;:ally  the  variations  occurrin,;;  '.7itr.  differ- 
ent strains  of  the  same  bacterial  spe..-ies  upon  the  same 
cultural  iiedia  elucidated. 

It  ■:'&&  sho-Vii  that  ever,  when  the  same  media  were  used 
as  nutrient  substrata  tlie  vari  us  or^;anisms  siiowed  var- 
iations in  cultural  re  Jtions  .vhich,  'irhile  they  -.vere  of 
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t   e   same    order,    yot  were   noticeable;    the   explanation   in 
urooaDly  to   De   found    in  the   well  known  principle   of    'var- 
iation'- one    of  tlie   most  strikin.-^  and   chaiacterit^tic    itt- 
rionteo   of  livin.j   thin,js. 

It    remains   to   deterr.ine   several   other  variables;    of 
which  the  most    important   are   those   tabiilated   at  tlic   be^in- 
nin,5  of  this    chapter;    finally,      o   apply  the    results    of 
tjiese    investi,;ations    to  t}ic   ultii.iaco    oDiect  of  this  work, 
the   cia  siiication  of   bacteria. 

The   pi'esent  portion  of  the   'vork  iias    to  do   exclusively 
v/ith  cultural   pnenomena;   norpholo,;;ical   considerations    are 
to   be   considered    later. 

The   first   cultural   eiiaracterisr,ic   to   oe   considered 
will    oe   colony   formation.    It  may  excite   sur.rise   to   find 
that  this   v/ill    .>t   considered   briefly,    since    it   is   upon 
this   characteristic  that   one    relics    for  seoaration  of 
uacteria  from  one   another. 

Mejition  of  the   princi^ole   featnrrs    of  colony  formation 
have   alreaay   oeen  maae-  the   cha-ractf  ristiCL    t,o    be   observec 
src    form,    elevation.    ed.-.;e,    topOf^raphy,    optical   characters 
(    or  the   appearance    of  the   colony  v/hcn  viewed    by  trans- 
mitted  and   reflected    li jht)    and   chromogenesis . 


.    9*9£a  10   MO 

^sinol  v;aoXoo 
•f .-  iPfS*  als<3«rr 


>x.j    aO  jiiJ   .lyiiviij      .  ..     ^u    I 


-r    jI:>£; 


-14:^- 
for   oacterial   riourisioinent,    even  tho-.u;h  thev  may   oe   quite 
as    rich   in  nut,rij:icnt,    tlian  are   fluid   media.    This    is   alnost 
a  seir  eviaent  fact,    and   needs   no   further   -:onLiideration. 
Yet  one  r.uct  utilize   Euch  oolia  "neaia  for  the    aenonstrat- 
ion  of  colon     forr.ation. 

The  Kiechanict    of  colony  formation  have  bt-en   investi- 
gated  by  certai     oDtervers,    but  as   yet  the   phenomena  are 
not  satisfactorily'  explained.    One   nethod    of  r..  searcn  has 
been  to  section  nature    colonies,    and   stuay   the   arrangem- 
ent  of  the   ells ;    this    i.ae   not   oeeii   productive   of  valuable 
results,    and    is    inferior  to  the    'Han,;ii\5  21ock'    ncthod 
of  Hill,    -^hich  will   be    referred   to   a^^^'in.Here   one  may 
actually  see   the   or.^rnisriS   prolifcratinr;,    and    ^roducinr; 
their  characteristic   airaiitiXLients    in  situ. The   a-^jref^ates, 
while   apparently  at  first  ^^lance,    are   v-rithout   definite 
arran^^ement,    can  be   sho^vn  to    ne   the    res-altant   of  a.-,   order- 
ly,   alnost   definite  seqixcnce   of  c5ro\yth. 

Chester,    in  a  coru.iunication  to  t].e   Society  of  Ajierican 
Bacteriologists,    (Philadeloiiia,    Dec.    1903,)    in  a  paper 
entitled   "    jlotes   on  the  .bacillus   suotilis   group,"    'tescribes 
ti^e   fonr.ation  of  filamentous   and    floccose   colonies,    or  at 
least  tiie    initial   st-ges;    i^uch  colonies   are   characterized 
by  the    fact   that   they  have   a  definite  arrangem^jit   of  the 
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cells  in  long  chainc ;  these  chains  are  arran.-'jed  in  tuch 
a  manner  that,  ti^ey  ,ive  a  ciiaracteri^itic  appearance  to  the 
colony. 

There  is  then  a  certain,  not  unimportant  relation  be- 
tween the  raetho-.  o£   reproduction  of  t"ie  bateria,  and  the 
fonr.  and  stricture  of  tlie  colonies  they  produce. 

Usually  the  environmental  conditions  are  not  parallel, 
the  varying  external  conditions  havin,-^  a  correspondini; 
infliicnce  upon  the  Tom  of  tae  coloiiy;  a  specific  exrai.rple 
^7ill  illustrate  the  ..general  principles  involved. 

KveTj   bacteriologist  is  rai::iliar  -.vith  the  ^^ariations 
occurrin^:  in  colonic-  of  Bacillus  coli.  . '.acroscoaically, 
the  Gri^.-nisins  may  prouuce  a  flat,  spreadijii:;,  more  ©r 
less  elev-.ted  -^ro^vthjueually  with  tiic  centre  distinctly 
raised, 

iiicroscopically,  the  whole  colony  nay  oe  uniformly 
granular,  or  the  centr-.  may  be  composed  of  lar^^e  granules 
with  a  finely  granular  periphery;  in  certain  cises  the 
centre  r,ay  oe  quite  opaque,  'mile  the  remainder  is  trans- 
lucent, or  even  trans oarent  t  the  ed.jes. 

".hen  one  considers  the  relation  of  the  orifjinal  bacter- 
ial cell  or  cells  to  the  medium,  the  explanation  will  be 
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apparent.      Consider  tliat  a  cell   happens   to   lodj^e   beneath 
tiie   suri'-'.-JC    or  tiie  laedium;    the    resistance    of  the   r:eciium 
lb    practically  the   cane    in  all  directions,    and   the    or^jan- 
icin  will  have    to   overGor.e   resistance    in  whatever  diiection 
it  happens    to  ,-irov/.    The    fir-t   daxi.iiiter  cell  \7iil   in   all 
arooability   lie    in    tJie    plane   -.irhich  is   a  prolon:;ation  of 
the    lon,i  axis   of  th^    Bother  cell.    T'.ii;   na?/   oe   parallel 
to  the   surface    of  the    mcaiur:,    and   theoretically  divi-  ion 
might  f^o   on   indefinitely  at  the    level   of  "he    inother  cell; 
it   is   pro  cable   that     various    conditions    tend   to   chan,;e 
the   direction   of  ^jrowth,    until   finally   the   cells    reach 
the   surface   provide-i   the   original   cell  was   not,   too   deeply 
ir':oeaaed   at  the   start.    Oxy^;en  in  aerobic   forms    is   not 
without  chaemio^.actic   influence;    the   nearer  the   surface 
the    orjanisns    reach,    tiic   r.ore   plentiful  the  supply  of 
this   ^as .    This   sli.jjht  factor  ic    enou  .?i  to   influencie   the 
direction  of  g^O'^^th,    and   finally   the    or.^anisr.is   -viii   reach 
the    surface.    Durin^-  this    time   '/aste   products   are   ac^Jumu- 
latin,^^,    and    if  the   ori^^inai   colony  were  j;":uch  oelow  tJie 
surface,    ^y   the    time   the   oau^-hter  cells    reach  tr.c   top, 
they   are   surroimded    oy   the  products     .f  their  excretion, 
and    indeed  as   a   rule,    steeply  suoner^ed   colonies   ai'e    rarely 
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sp-icniu,;  wncn  the    reach  zhe   surface;    further  gro-'^th  is 
United. 

If  on    the   other  hand     he    oacillus    lie   originally  ^ipon 
the  surface,    a  flat,    spreading  growth  u&v^lly   results, 
^because   the    resistance   in  t.:.e  hori  .ontal   plane    is   niniin-jl, 
and   no  tii.;e    is    lost  pushir\-i  aside   or  di.^estin,;  the   super 
natent  material.    The  ,-rtater   lateral   extent  of  c^rowth  it 
due    then,    prooaoly,    to  the   fact  that  tiie   or  ;anisiTi  extenuc 
without   resistance,    and   the   waste    .roducts   are   spread    over 
a   lar,^e    area   rather  than   oeint^  concentrated    in  a   reihitively 
small  space. 

This,    then,    is   a  reasonable   explanation  of  ~he   differ- 
ence-   >.7hich  one   notices    in  ti:e   same   plate,   with        pure 
cultureof  tiie   same   or/janism;    thin,    flat   colonies   x)roauced 
oy  or  ;anisi:;s    lyin,;  upon  the   surface;    elevated,    limited 
colonies   when  the   Czll   lies    oencath  thr    surface.    Of  course 
sine    the    internal  structure    depends   upon  the   t/iickncss   of 
the   layer  of   bacteria,    this    characteristic,    too,    «7ill 
vary  as    one    oi-  th-:    other  condition   obtains. 

The   limits    of  variatioji  of  the   sajne    ;ulture  up'-n  a 
plate   are   consiueraole ,    anu   the   writer  has    round    repeatedly 
t..at   tvith  ordinary  me  'ia,    the    limits    of  variation  from  on-c 
to   anotiier  suostratum  are  no  >^reater  tnan   those   uooi''   the 
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satne   inediiin  as   one   record:     the   characterieticc    of  the   var- 
ious  colonies.    'I'lie    relative   luxuriance   of  growth  may  vary, 
Dut  the    foriii,    ana   ,ieneral   charncteribticb   are    relatively 
the   same    in  any  case  where  the    iiedium  is   suitable   Tor 
Dacterial  ^^rowth. 

For  this    reason,    the   uescriptions   of  colonies   are   suD- 
ordinatea  to   a  careful  study  of  tiie   characteristics   of 
slant   -Lnu   stab   cultures,   wjierc   one  hae    no   avera;je    colony 
to   choose   for  descriptive   purposes.    It   is   necessary  to 
determine   tlie   rel'^tive   value   of  observations  nade  upon 
slant   and   stao   cultures   that  they  may  on  the   one   hand 
receive    a  proper  a^nount   of  attention,    and   on    cjie    other 
hand   that  tlieir  actual  value   as    diagnostic   characterie tics 
be   not  exaggerated. 

Investigation  of  the  characters  of  certaip.  bacteria 
upon  slant  a-^ar  and    in  the   t^elatin  stao. 

The  or  nanisms  used  in  tjie  previous  oortiom:  of  this 
investigation,  Eacillus  coll,  typ}iosus»  pyocyaneus  and 
jerqdj^£iosus_,were    used    in   ti:is   portion  of  the  work. 

They  were   given  prelininary   cultivation   r^s    oefore,    ana 
inoculated  -yitii  the   usual  precautions    into  various   sajnylcs 
of  gelatin  and   a,;ar. 


rir     Xij    n-    L 


-148- 

Thesc  media  -verc  varied    in   reaction,    and   t,o   a  certain 
extent   in  ccrposition.    Tiie   reactions    and   composition  ir.ay 
DC   round   in  Part  V.    Onl:-'   those  nedia  \vhich  were   eonpnsed 
of   iDoredientii    other  than  ^elatin  or  a^jar,   neat  extract 
and  peptone   will   be  ine.Ttioned  here. 
Agar  1;   neat-extract  a,>ar  as    above,    v/ith  ,<:  yceiine. 
A^ar  4;   neat   juice    instead    of  neat  extract. 
Agir   7;    peptone   and   agar  ncrely. 
Ai-^.r  8;   glycerine, peptone   and  atjar. 
A^^ar  ^\   atarcii  anu  a-^ar. 
A;ar  10;    ag;ar  and    olood   serum. 

Gelatin  3  ano    4;   i.-.eat   juice    inetead   of  neat  cxtrsct. 
Gelatin  3   contained    8   ,'o  gelatin,    .gelatin  4,    16   /o  r^^elatin. 

unc    01    the   prijiciplc   OD;.ects   of  this   portion  of  the 
work  was   to        eternine     iie   possible  variations    in  naking 
nedia  from  the   same   i/j.<-;redients    by  different   observe  is. 
Pour  individu->ls,    accustomed   to  makin,^   oacterial  media, 
made    coth  ajar  ami  c^e latin  at  the   same    time,    from  the   saiae 
lot   of  material.;    if  such  variations    occur,    as   have    been 
noted   auovG,    one   :7ov'ld   expect  similar  sli^^^ht  variations 
to   obtain   in  all    oacterial  vork, 

'  iiipple    (loc.    cit)   ha^    studied    the  variations    occur- 
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ring   iii  ,-;elatin£   made   rrom  diiTcrent  samples   or  this 
material  made    oy  tlie      aine   obcervtr,    and   also   hat.   sl/adied 
tiie  v'^riations   occurring  when  diiTcrent  nen  nake     ;elat,in, 
anu   the   same   oucerver   inoculated   the  various   sai^.pltc   with 
transfers    from  the   sajnc    culture.    He   finds   ^i-e.at  variations 
in  f^roth  foniij    variations   .jreat  c.MOUfjh  to   furnish  .ground 
for    oue    elinination  of  >5^eiatin  stao   c    Itures   fron  descip- 
tive    bactcriolOe;y. 

It   ^ill    ce   ruch  simpler  to  discuss   the   i^enerr^l    react- 
ions  of  each  species  upon  each  nedium  first,    then  consider 
the   various   suo;.ects    listtd    at   the    De^^innin^j  of   this 
section  separately.    Ey  so   doanj^,    one   can  tici,   a  beti,er   idea 
of  th€    ^rowtiis    as   a  ^rhole,    then  one    can   toecter   interpret 
the   variations   ti.at  may  occur   in  tr.e    li^ht  of  their  prob- 
aole    relations   to  tJie   coi.position  of  tiie  medi'i,    etc. 
Bacillus    coli.     (-r-a.bl&s-   £--//! 

The    variations    occurrirg    vitii  the    first   10   cultures 
Of  tixic   or-^anism,    aeEcri>,ed    in  Part   11  ^pere   stud  if  u  upon 
six  different   a^ar  ana   five   r;e latin  sairiplec. 

x.esults    of  tiie    10  th  day  ooservations .    See   'rabies    6,'/. 
Culture    1;    t^ro\?tii  fiiiforiL    flat,    ,;r-yish,with  shinin^; 
lustre;    viscosity  upvn  all  i.ieoia   except  A^ar   4;    Ut  will 
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ue    reiuer.bered   thci    t,hi^   a^ar  wa-    made    fron  meat     nice, 

accordir.o   t,o    tii>     proctcdurc    recomi  cndeu   uy   tiit,   Aiaei-ican 

i^uolic  Healoh  Association).    Upon   this   ineai'oin  the   culture 

^rcv/  more    luxuriantly,    and   the    coloi-  of  ti.t.  ^vo'/th  ^as   a 

pure     .orcelaifi  white    insteaa   or   the   ^iray,    u,.on  ot  ei    agar 

8::a^plcs. 

Cultures    2  and   '6  were    precibcly  tlie   ^ajrie   at;   ho,    1.    in 

essential  chsractera . 

Culture    4.    j;howcd   a  tendency  to  spread;    t/iis   was;    i)artic- 

ularly  uiarkeo    in  a^^ar'o   3   and   4. 

Culture    5  also  showed   the   cajTie   sprearjin^  grovth. 

Culture    o.    Ti-C  tpreaaixvs  was    evex:  more    i.arl;eu   with  this 

ort^aniEm;    otiierwise    it  was   similar  to   the   preccedin,^;. 

Culture?  grcv/    Luxuriantly  upon  all   the   a^ars    except  Nos . 

1   ajiu   4.    This    is  the    Tin  t,   instance   so     i'ar   in  which  the 

...eat   jUice   a^^ar  has    railed   to   rurn^sh  t.he  most   x'avorable 

medium,    as    i-.    showxi   by  the    relative    luxuriance   of  the 

streaks.    The    oti.er  meaium  failing  to  t^ive   a  spreading 

ejrowth  was   ho.    1  wnich  container  ^^'lycerine    in  adoition  to 

tiie   re^u  '  ar   in,^reuients  . 

Culture   a  firew   luxuriantly  upon  all   the   a^jars   except  the 

one    containing  glycerine. 
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Cultureb    9  ana    10    ,rew  less    luxviriiintly,    u\it  ttill   sho'.vea 
soir.t   tenlency  to  sijjieaii. 

By  coiuyaring  tc.eae  growths   the   tcneiency  towara   a  spread- 
in,-,    vvhiv.c   f;ro\vth  u  on  agar  4   ann   the    lir.iteU   gro  rtii  upon 
a. ;ai-  -  0.    1   are   th.e    only   notev/orthv   deviatione    fvom  the 
averae^e   appearance.    Lustre,    elevation, optical   characters 
topogrcpii;/  and   viscosity  were   practically   identicalupon 
all   ti.e  i:iedia. 

Colon   ciiltirres    in   the    :e latin  otao. 
The   results    of  these   r;ro:'/ths    can   ue   suini.ari:::ea   very   orief- 
ly;    culture   9   liquexied  f^elatin,    as   hat    oeen   not-ed    in 
'-■art   11.    The    reriajni.'-j  nine   cultures   did   not   liquefy  the 
gelatin, producvi    as   a  rule   a  I'lat  surface    growth,    and 
practically   every  knovrn   fori.i  of  line   grov/th. 

Suim-iary  of  colon   cultures. 
Influence    of   rection   of  the    lueuiiun;    within  the    liiiiits 
of   reactiori   studied,    -0.2  to  -^    1.2  no   definite   differences 
could    oe    aetected    in  any  of  the   ,^rov't',    xori.K.    of  the    colon 
uacillus.    The   or^^^.nis:  s    to    oe   sure  varied    to  a  consia- 
craole   degree,    but   t.:e   variations    o.jtai)ica   -"ere   no    ,reater 
than   those    ODtaining     -ith  the   saBie  cultures   upon  the   saine 
medi-uii.    nothing  definite    is   to    oe    learnea   froE?  tiie    reaction 
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01  tilt  mediuru  -Htn  these  cuItTres  It  is  probaolc  that  the 
variations  that  dio  occur  arc  to  oe  ettriouteu  in  part  at 
leatt  to  the  individual  idiosyncracies  of  the  cultures. 

Inriuence  oi  tiie  copcent ration  oi"  the  inediuin.  Mothin^ 
conclusive  it  ^  ho'.7n  oeyon.;  the  i'act  that  other  thin^^s 
oein^s  equal,  those  iiedia  v/hich  are  consideraoly  less  con- 
centrated with  respect  to  their  solldifyint^  constituents, 
gelatin  or  a,;ar,  were  the  ones  upon  which  the  ^rov7ths 
were  ti;e  more  syreaain^^. 

In  the  case  of  ^^elatin,  the  character  of  tiie  line 
r^rowth  varies  almost  directly  with  the  concentration  of 
the  mediu,.  The  less  solid  the  gelatin,  the  more  spreading 
the  line  £i;ro^'th.   iiis  factor  (solidity)  is  not  quite  the 
same  as  the  melting  point  Jn  its  effect,  as  Wnippie  haB 
pointed  out  (loc.  cit)  .  The  latter  is  variable;  the  i,"xlt.- 
ing  point  may  oe  extended  over  a  de^jree  or  two  in  some 
instances,  or  the  mass  may  liquefy  ali.iost  sharply  at  a 
particular  temperature,  fhc  solidity,  on  the  other  iiand, 
is  a  defij-'ite  quantity. 

Influence  o.  temperature  -nd  moisture;  the  relation 
bet\7een  temperature  and  f^rowtii  of  .:aGillus  coli  is  a  very 
simple  one:  up  to  40°  The  rapidity  of  &"ro^7th  varies  almost 


-i..JVO-t^ 


smoa  ^di  val 


-153- 
directly  with  the   temperature .    The   hi.jher  tiie   -ceinpera-cure 
up  to  tiie   limit  stated,    the   r.ore   vi.-^oro^E    the   ^^rowth. 

Inriuer.ce   or  moisture;    this   suoject  may    oe   oonsidered 
under  tv/o  heads;    noisture    in  the   cultural  neaiui);  and    in 
the   envirorur.e   t   outside   the    c-u.itural  nedia. 

The  moisture    upon  the   surx^ace   of  the   media  upon  v/hich 
cultures   are  .-ro'^Tirir;   is   very  apparent, whether    ohe  mois- 
ture   is   visiDle   to   the   eye    or  not,    by  tr.e    extreme   tendecy 
upon  tiie   part   oi'  'he   colonies   to    oecorae   spread inj^.    In 
many  instances   one  sees  examples   of  this  u  .on  the   a,::;ar 
slants-  ai    the    result  of  car-eless   handlin^;  the   condensation 
water  flows   up  the   sidet    of  the    tuoe.    In        fe  •  hours 
thxere    .is    a  delicate    film  of  or^ani^ms   spreal   all   over 
thie   moistened   area.    Tlie   same   applies   to   freshly  slanted 
surf "ices    oefore   the   exceet    of     liioisture  has    flowed   off, 
or  evaporated.    Of  course    cultural   descriptiom.    of  s\ich. 
slants   are   quite  worthless    for   descriptive    purposes. 

-■•ioisture  in  the  environment.  Tliis  faccor  is  too  often 
nec5lectea  in  DacteriolOt^ical  v/or]v,  althou  :h  it  is  of  the 
5 re   test   importance. 

i'iie  writer  iias    found    repe      ediy   that   re  ictiont    t;'.:  e 
place  v/ith  much  more    certitude,    p   rticuLarly   i^'  they  be 
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of  i^nch  a  nature  that  a  vce]:  or  more   it    reciuired    Tor  t'iicir 
develo orient-   if  cultures    ue  kept   in   incuoatort.    in    vhich 
t::e   atnosphere   it    constantly  saturated   ivith  aqueous   vapor. 

In  a  beries    oi"  parallel   experii:ients    cultures   f^rown 
under  conditions   the   ^aii^e   except  that   in  tiX    one    case   the 
incu.ator  was   supplie  i  vrlth.  r.oittiire,    in  the    oth.er  no 
noisture   was    present,    the   or.-ianisi.s   were    in  i.T,ich  oetter 
condition   in  ti^e   I'onnei"  thai"!    in  the    latre.r  c^se.    The   react- 
ions  were  laore   coriple-oe,    and    the   ori^anio   s   ,i;rev/  rauch  i  etter 
after  two  weeks    in  tiie   noist  ati.osphere    than   in  the    dry. 

/"late   cultures   may    oe   kept  t^.70   or  three   weeks   aiid   still 
be    in  compar   Lively  fresh  conditi-n   in  moist   iiicuuators. 
This    applies   equally  well  to  slant   ajid   stao   cultaies. 

riiie  factor.  Pi' Her  ana  Johnson  (loc.  cit)  found  t:at 
t'70  w(  elx ,  the  usunl  tine  for  oacterial  incut-ation,  was 
practically  no  oetter  than  ten  aays  as  far  as  conplete- 
nece  of  reactions  ^as  concerned,  I'or  oac"Gerial  descript- 
ions j  durin,:5  this  -tii.ae  oacterial  -wi  •  l  produce  altiost  all 
of  their  ch..racterifctic  reactions  upon  -rlFioet  all  media, 
provided    the   or^t^anisms    be   tiro'vinj;   luxuriantly   at   the   start. 

The   time   one   allo-vb    oacteria  to   develop   before  iial.in^ 
final   Obser/atiohs   depen.ds   upon  t'jo   factoi-s;    a-   a  time 
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in  T?hicii  the   greatest   possible   nn.ir.cer  of  reactions   shall 
be   coinplete    by  the   j-;reatest  poeoible   numoer  of   oacterial 
species,    and,b-  tiie   ti   c   ox    linal   ooservatior.  shall   oe 
soon  enou,ih  aiter   inoculation  so   that   one   shall   not   be 
handicapped    oy  the   accuimxiat  on  ox'   cuitnrt      in  routine 
'jyork.    The   chance^^   of  dessication,    contai-^^ina  ion  and    re^^res- 
sion  ox*  ch,;racteristicb   should    oe   taken   into   c   nsideration. 

Ten  dajrs,    the   tine   allowed    oy   the   auove  nentioned 
autJiors,    sceras    to   ue   the  maximum      interval  which  one   can 
lOfiically   allow  for  ooservations,    ana    Liiit   period   has 
Deen   found    to  suffice    in  tills   '7ork  for  bacteria  to   brine; 
about  their  characteristic   chan.-ges . 

If  one   j^ives    or.^anisns    careful   pr(  liir.inary   cult ,  vat  ion, 
and    in- c    lates    then  inco  media  under  optinum  conditi  ns 
as   far  at.    possible,    in  al;  est  ever:/   instance,    no   chan^jes 
of   irvoortaiice  v/ill   occur     fter  the    tenth  day.      In   fact, 
all   the   or;^anisms   studied    in  tiiis    invcs titration  were   cor. 
plete   after  the   seventh' day.    (see   tacles    ill   s-ratijic  the 
chaju^es    occurrint:;   froiu  the   thira   to   tiie   tenth  days    in- 
clusive) . 

Influence    of  certain   aloiu'unous   suostances;    Dr.    V/es- 
orook,    in  a  private   ooj-juunication,    su^-.^ested    the  possibil- 
ity of  uGin^;   ulood    (or   olood   sermn)    as   a  potsiule   substi- 
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tutc   for  neat  extract   or  meat   ^.uice    in  tiic   prcpurauion 
or  nutrient  t^felatin  ana   a^ar  or  even   uouillon. 

1£  tsoocl   seniF.   oe   available,    the   ciianceb   of  ouplicating 
the   proteid   co:istit\ientL;    of  meaia  are  ,-reater  than  can 
DC   the   case   i7hen  I'leat   ^uice      anu   pos'^-iole   meat   extract 
oe  usea.    I'he   salt   content   in  neat  extract   is    the   chief 
variaole,    anu   of  course   this   wula    oe   eliminat'd. 

Actirio  uuc/i   thici   sUf^^^estion,    I   ::ave  iiacie   sampler   of 
a^jar  uijinrj   olooci  veriun  ab   the   proteia   "oaBie.    Agar  5 
com..OEec(    of  1   ,o  agar,    10    ^  serum,    reaction  -^0.1   an 
a  ,ar  10,    1    o  agar,    10  >  seruin,    1  .   ueptone.    Cx  scmir.  was 
useu   in     preference    to  horse  serun, chiefly   because    it  was 
more   availaule,    although  i-.an./   wi-iters   claim  the    latter 
contains  li.ore    'nuscle   sugar'    (glycogen?) 

'i'his    ii;    a  Ltep   tcvascls   synthetic  media,    and   the   results 
of  gro"th  upon  these   a^-ars   are   ccrreepcnQingly   interesting 
Ey   referring    to   taules    6   to   22   inclusiA/e,    it  -.vill    oe   seen 
that  Bacillus   coli     grew   q-ite   a-     luxuriantly,    aiuj    with 
the  same   general   characteristics   upon  agar  6   as   upon  agar 
m-ue   from  eitj.er  meat   extract  or  meat    luice.    One  m^ay, 
hov/ever,    note  that   the   gr-owth  took  place   rather  more   quick- 
ly upon  the  meat   juice   agar;    the   latter  i-.eciiun  was   the 
oe-Jt   of  all   as    far  at    ge,  eral    results   were   concerned. 
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Tiie   seruj.i  a^jar  'vas    qi.iLe    at   .^ooa    aa    the   neat  extract   for 
all   purposes,    and    is   •■/ortir/   of  furtrier     study,    certain 
peculiarities,   i  hovm  by  tiro'.vth  of  chror.Ooenic   orr-anisns 
will      oe   dii-.  cu^£ea   later. 

BaG_i_njus.  typhosus  .    (7"^ bLes  ,^-/fJ 

A^^ar  slants. 
Culture    1;   f^rew   liixij.riantly  upon  all   the    a,;ar!J    except 
a,jar  wo.    1,    v/hicli  containeu,    it  '7ill    ue    i-eneinoere  i,    t^ly- 
cerinc    in  ad a it ion  to  neat  extract  and   peptone. 
Cultur&c    2,3,&rew  less    luyariantly  than  culture    1. 
Cultures   4, 5, and   6  ^jrew  ^yery  sililarly  to  culture    1. 
Cultures    7, a, 9, 10  and    11  ^rew  very   luxuriantly   indeed. 
Here   atjain,    it   is    interesting^  to  note   that  the     ,;ar  con- 
tainiuti  ^r^lycerine  ?/as   tliG    one  upon  which  the   poorest  ,;ro^7th£ 
appeared. 

Gelatin  staoe. 
iiOnc   of  tiie   culoures    liquefied  ,.;€ latin;    the/  prod^^ced   as 
a   rule    a  ron-charactcristic,    flat  surface  ,;ro-.rth,    and    as 
usual  shoived   every  type   of   line   .irowth. 

The  ty.n.oud   ^;ro/ths    resemoled   each  other  even  more 
taan  diu   the   colon  cultures.    The  variout    differences   in 
composition  affecLed    ^acillus    typhesus    in  piecisely   the 
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saiue  way  as    they  dia   the    colon  cultures. 
Tiic   f^lycerii^e  seemed   Tith  the   ;i,-ar  studied    at   least,    to 
decrease   the    relative    luxuriance    of  gro'/tla,    v/hile   the 
meat   juice   rurnisiied    ^  utriiicnt  upon  which  the   ori_';anisras 
,:^re-ar  more    luxuriantly  than  upon  the    0T:her  media.    The 
serum  a^-ar  was    at   least   as   f^ood   as   the   meat  extract   in 
all   the   determinations. 

In  ;5eneral,    t}-.en,    one   nay  say  that   the   aoove   studies 
sho-.v  that   reaction   is   practically  without  eiTect,    as    lonj^ 
as    the    limits   are   nrithin  the   ordinary   ran^^e    to   which 
bacteria   can   derivt    nutriment,    and   ,5rowj    the  meatjiiice 
is    rather   oetter  than  meat   extract,    and   blood   setTim   is 
intermediate    betiyeen  the   t  vo .    As   will  be   seen   later, 
those    or^;anisms    producing  p^jiicnt  are   the   ones   --Tiiich  are 
chiefly  affected. 

These   statements   m::st  not   oe    interoretea   to  mean  that 
the    jeneralii,ations    aoove   arc   aosolutely  true    for  all 
bacteria,    but  since    thi.eLe   or^^-anisris    are    ones   "/hich  occupy 
an  avera^v-'   position   in  bacterial   possibilities,    one    can 
conclude   that  at   least  the  m.ajority  of  forms    are   certain 
zo  follov/  these   cultures    in  their    ;eneral    oeha-'-iour. 

Or/;anisms    like    the   Criolera  vibrio   ''/ill   not  t:rc/7  u.pon 
media  which  .-:ie   acid,    ajia   the  ^^onoco-^cus   will   not    :rov/ 
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upon  ordinary  i.ieaia  at  all,    but   t,}.e    latter  are   extreric 
cat-es    ai'd   do   not   enU  r  into   thii    cont  idcration. 

Stiiiur.ary  of  Cultures    of  Ijacillus    t,Yp]iot--ui._. 

Influence   of   reaction;   within  the   linitb   of   reaction 
studied   in  this    investigation,    (-.0.2  to  i  1.2)    no   uiffer- 
ences   attriuutaule  to  thic    factor  co-jld    oe  detected    . 
The  variat;  ons   which  uid    ocjur  were    in  no   instance   conbi'^.- 
tent  upon  any   one  ncdiuia;    consequently  no   explanation  of 
the   variations    could   be   explained   -.ipon  thi-    basis. 

Influence    of   the   concentration    of  the  medimn;    a^-ain  no 
definite   results   were   ootain.ed-  the  ^^rowths  were  vcvj  sim- 
ilar upon  laedia  havintS  the   t^reatcst   rani^e   of  reaction; 
uotii.  of  c^elatin  and   a^ar. 

Influoice   of  temperature   ajia  moisture;    the   same   fac- 
tors   cnterea    into   the  t^ro'^th  of  i-aciilus    typhosus   as   was 
tix    case   '/itii  .._^acillus    coli-   quiclcer  and   more    luxuriant 
at  37°   than  at   18-20'*.    The   or.::;a)iisns   were   i.ore   typical 
in  their  reactions    and    retained   their  vitalit:/   better   in 
mo-ist   tha.n   in   dry  atmospheres. 

'fine   factor;    tue     ;rowths    att::ined   their  full   cultural 

possibilities    in  less    tJian   7   uays-ouservations   upon  the 

tenth  day   .:^rowths   v/ere   hardly  distiriejuishaole   fron  those 
of  a  week. 
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Inxliifciice   01"  cert   in  alb-aininous    contstituents ;    one   could 
hardly   di&tint^ibh  the   .jrowthG   or  Bacillus    typhosus   upon 
LcraiTi  a^ar  i'roiu  corresyojiainti  colonies,   uyon  t'lC    rei:;ular 
neat    .-juice   or  rricat  extract  a,,-ar.This    ib    pix-:ci£;^ly  what 
Y/au    noteu  with  cul  cures   o f  Bac i  1  lus    ; o  1  i  ; ye t  the  mediiuTi 
(t:ei'U]ri  a^^ar)    it^    very  tiirrple    in   coripoeition,oeini^  coLipcsed 
of  l-'p  aj^ar  and    10    ,-•  ox  scrun.cxtreiacly  Diir.ple    in  cor.po- 
sition  v/hen   compared  ^^ith  the   ot;-;er  meaia  enoloyed. 
■.7ith  the   non-cr.romOf-enic      orf^a.n.;£rr.  studied,    the   various 
amenta    indicated    at   the    be-^innin ;  of  the   chapter  are 
'•/ithout  .-"^rcat   effect.    Particular  attention   ie   calle.;   to 
the   fact   that  the    influence   of   reaction   in  without  the 
sli, ;htest  consc-iuenco  uyon  ti^c   ^;rov,'th  of  the   orj^anisms 
studied   so   far;    the    literature   of   '-acteriolo.;y   i.    full   of 
researches  upon  tliis   suDject,    anu   '/hile  unaouctedly 
the    reaction  has    cOiisideraule    influence   u.-on  the   niUuoers 
of   oacteria  in  a  t^iven  source,    and   while   a, :ain,    the  ultra 
aciu   or  ultra  aliialinc   media  will  terior.sly   interfere 
with  the   numoers   of   oacteria  ^ro'-int^  upon  a  particular 
meuium,    yet  the    res    Its    seem  to    indicate   that  \7hile   the 
reaction   was    varied   fro^     -0.2  to  +  1.2  normal   aciu   to  the 
litre,    t::.c    resulting  j^rowths   were   rcnarkaoly  constant. 
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and    that   one-    30M.IU    employ   reactions  within  these    limits, 

ana      De    reasonaoly  burc    of  ootainijv;^  concordant  ,',-i'0>vthc; . 
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It  will   oe  m-.ic    convenient  to   taoulate^, general   i'indinBe 

of  the   chromogenic   or/^anisms  ,so   that   one  may  more    readily 
see   the   variations   v/hich  occur  3x.   the   condition;-    are   vai*i(,d 
.'igar  1;    x'orn   of  t^rov/th  filifon^i,    elevation  conve:c  or  rai- 
sed,   lustre   siiinin,:^,    chromogenesis   usually  red;    vibcosity 
vai-ieu,    uut  more   marlced   tiia:    upon  the   preceedint-  a^^ar; 
optical   characters    0;j'j..i^ie;    topograpiay  smooth. 
The   color  \7aB    red ,  i.ut  the    red   usually  ascriued    to   Bacillus 
indicus  ;a   i-ed-Drown  or  seilin^  wax  instead   of  tixe   scarlet 
characteristic    of  t.acillus   proai^;iosus .        The   condensatiOii 
water,    however,    was   colored    scarlet,    li]:e   the    typical 
prodi-;,io^  us   dark   red. 
Agar  '6  v/as   essentially   lihe   a,;ar  2    . 

A.^ar  4:    form  of    s^orvth  spreadin,-;    elevation  flat   or  raised; 
lustre   shiniji;-;    optical   characters    opaque;    viscosity 
varied;    chromof^enesis  ;as    a  rule   the   pale    red   or  pinh 
occurred,    ',7ith  w  tenaency  toward    the   formation  of  scarlet 
in  the   condensation  water. 
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Ae^ar  7;    rorm   liliiorr.  or  echinate,    and    rather  limitcu; 
elevation  convex  to  heiiii&pherical;    lustre   shining:;, oi    me- 
tallic;   optical   ciiaracters    opat.ue  ;    color  t;ealino-v/ax  to 
facarlet;th£   I'oriuer  preiominated .    The    or^anismti   (jre':/   less 
luxuriantly  upon  thib  meiiium  than  upon  the   preceedin,:;. 
A^ar  a;    form  rilii'oiTi;    elevation   raised    or  convex;    lustre 
siiinine;  rietallic    or  dull;    optical   ch.racten    opaqtie ; 
voscosity  ne^-ative;    the   color    -as   ali.iost,   invariaole 
scai'let. 

Suirar.ary   oi'  agar  cultures;    tiie   rom  oT  ^gtowth  varied 
from  a   rather  limited,    rilil'on,.  to   a  very   luxuriant 
echinate   streak.    The  most   luxuriant  growth  ojciirreu   upon 
the   neat   juice   a^ar,    a^^ar  4. 

The   elevation.w  .s   usually  decidedly  convex  inaicatin,;;  a 
luxuriant   growth. 

Txie    lustre  .was    usual];/    shining,  al  thou  ;h  a  aecidedly  metal- 
lic  appearance, simulating   closely  tne    peculiar  sh^en  o£ 
x'uchsine   appearea   in  so:.c   cultures.  Upon  agar  8  the    lustre 
was    ra-nher  aull. 

All   the   cultures   were   opaque;    no   ligi.t   could    oe   trans- 
mitted tiirough  them. 
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The  viscosity  v/ab    extrei^ely  varied;    tr.is   v/as    jartl.'   due 
to  peculiarities   or  tiic    individual   cultures    and     .artly 
to  the    characters   or  the   media  upoji  ";/.ich  the   organisms 
were   ^ro  'n.    Agars    2  and    '6  were   the    onee  upon  which  the 
viscoeity  wa^    most  marked. 

(JhrQiiio.;enesis  ;    there  v/erc   three    a  is  tine  tty. jet.    ox    color; 
a  pinlc,    v/hich  wae    the   i) red omi rating  type  upon  a,-ar  con- 
taij'.inr:  meat   juice;    a  scarlet,    prodif-jiosu;^    color,   vhich 
occuire/i    in  rr.edia  con"&aining  f^lycerine,    and   finally  the 
brown-red   or    'sealin  ,- -ax'    color  said   to    be    characteristic 
O-^"  Bacillus    inuicus  .The    latter  occurrea    in  those   a,:;ars 
w'cich  contained   neat   extract  pai-ticularly.    To, ether  t/ith 
the   piesment  upon  the  surface   there  was     ■   tendency  to   fori:, 
a  scarlet   color  upon  the   surfa-e   of  tiie    conuentation  '-/ater. 

To  suiru"..arize ;    not   only   is   tiiere   a  rather  aefinite 
jolor  I'caction  upon  the   different  nedia, varying  as    the 
proteici    oe  meat   j.uice,    extract  serum, or  contai;  ines  gly- 
c^, rine,    oTit  alto  the   ort.;anisins   themselves  have  peculiar- 
ieties   which  either  accentuate   or  take    away  froi:  the   color 
impulse   furnished    oy  the   mediujn  Mpon  which  the   cultures 
are   grown,   /v^ars    5,7   and    3  produ^ea   deeper  scarlet   than 
the   ot:-er  media. 
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Gc latin  cuit.urcs. 
It  ^yill   be   necesi^ary  not   only  to   tabulate   the   ,^':cneral 
results   of  .growth  in  the   ,-clatin  istauc,    i;ut  to    feoord   the 
rela'.ivc,    freauence    "/ith  which  each   characteristic   occurt 
upon  any   one  inediiun;    this    is    necessary  becav.ce, unlike   the 
a^ar  gro^vths,    there    is   no  (general   type   to  which  one  may 
refer  the  various    -;-ro\vtii-foiTis . 

The   chronc^enic    reactions  v/ere   i.arked,    ana  will   be    included 
even  thou.i.  the;,'-  do   not  appear  as   a   rule    in  descriptions 
of  the   f^e latin  stab. 

Gelatin  1;    forn  of  liquefaction;    infundiuuiifoi-m,  u ;    nap- 
iforn,    1;      surface   (growth;    (j;eliicle)    2,    rin,;,    1.    color, 
scarlet,    4;    pink,    2;    rc'Jdish,l.    the   tendency  ton-ardt    a 
scarlet  color  was   veiy  pronounced. 

Gelatin  2;    fonn  of  liquefaction.    infundibulifonn,o;    strat- 
ifoiT.,    2.    pellicle;    5,rina,2.    color;    pin]:,  2;    scarlet,  1; 
uro'.?n-red,    3;    reddish,!. 

Gelatin  3;    fori-   of   liquefaction:    infundioulifon;i,4;    strat- 
iform,   3.    pellicle:    2,rin;   foiTiatinn,2.    cUor:    pink, 2; 
scarlet,!;    crown-reo,    3;   no   color,!. 

Gelatin  5;    form   of   liquefaction:    infundibulifom,4;    strat- 
iform,3.    pellicle:    2;    rir:,j,i.    color:    Dro\7n-rea,    3;    scarlet. 
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2;    winl:,    2. 

Gelatin   6;    xonn  of   liciuci'actionj    inrundiuulironn,    4: 
stratifora,    3.    pellicle:    negative,    no   rin,^.    color:    scarlet, 
•-;    Drown-red,    1;    pin!:,    1;    no   color,    o. 
Suimaary   of  coloi-  prod-action. 

r,carlet,    11;      ro\7n-rc  a,ll;    pink,    8;    reddish,  1;    no   color, 3. 
i'^oiii  or   liqueTaction; 

infunuiDuliiom,    23;    etratiforn,    11;    napii'om,    1. 
Sunr.ary  of  Bacillus    ;,  roai.-.^iobus. 
Influence    of   re. act _ on;   nentioii  has    already  been  nade 
of  the   fact  ti.at  the    color  varied   ^^reatly  in   tlie   difxerc.it 
cultures,    even  upon   tAic   bar.e  nediuri.    It  v/iii    oe    neces-sary 
to  try  and   trace   the   ori.^in  of  thete  variatione    fron  tlie 
taoies.    iTaCles   33-3u,    also  table   24). 
Agar  1;    all   ti.e   c  ;ltures   :;re^r!  luxuriantly  as    filifoni, 
uecidedly  co^'vex,    shining;,    smooth  opaque  growths.    The 
general     inorpholo.^y  of  the   slant  p-rowth  ^v  s   non-character- 
istic.   !  early  all   the   cultures, however,   Tvere    dar]c   red   or 
t  carle  t   in  color,      hi.,     -/as    tn;e    of   75   ,j  of  the   or  nanisms 
exariinea.    The    rerrxincler  Tvcre    lighter   in  color,    out  still 
of  a  deciaeu   rea   tint. 
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Growth  upon  a^^ar  8  v/as    alnost   iuentical.    Both  of  these 
media  contain  j^lycerine. 

The   reaction  oT  these  media  was    quite   different ;    agar 
1  was   sligiitly      acid    (4-0.1)   v/hile   a,,-ar  8  was    quite   acid, 
(4-  0.8)   .-.pparently  thit    a.  ount  of  acidity  T7as   v.i  .hout 
effect. 

Ae^ar  2  ana   3;    Growths   upon  these  Media  were    uro^n-red, 
with  a  tendency  to'jard    tiie   ^ornatiori  of  scarlet   conaeri- 
sation  water.    Tiiere  were   no   differences    in  the   character 
of  the  jvjrowths . 

The   conuensation  water  reaction   is   peculiar,    and   seens 
to   oe   alr.ot  t   -a   conn-L^ccine;   link   uetwecn  tlie   color  character 
lb  tic   of  Sacilli;s   prodif^iosu^    and   Bacillns    indicus . 
The   ,:^enerally  accepted  viei^''  concerning  the  condensation 
v/ater  of  a.;ar  slants    is    tiiat   it   /.as   properties   different 
froK  either  the   fluid   or  the   solid    constituents    of  the 
medium. from  which  it   is   deiivcd.    The   color  is    certainly 
different   from  that  either   of  ti.e    Droth  or  the   a^:;ar, 
and   this   would  seein  to   bear  out  the   j^enerally  accepted 
view. 

Agar  4;    this    ae:5ar  y/as    acia,    (-    1.2)  hence   quite  different 
inreaction  from  tlic   a.'-ars    descrioed   aoove.    The  pi^^ient 
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wa£   vev^  variable  upon   tiie  i:-;cciiuin,rancliiv:   fron  the    oro"'n- 
rcu  to  scarlet.    The   prcdor.iuating  color,    or  at,   ieact  the 
color  vmich  appearea  ino-t   frequently,   r/as   pink,    .oth  in 
the   cultures   showin^^  scarlet,    and    Drown-red,    the   conden  - 
sation  v/ater  had   this   pinkish  tint,    upon  the  whole,    the 
chromatic  vai-iations  were     ;reatest  in  tk.is   nediiun. 
A^^ar  7;    reaction  +  u.5.    the   general   color  was   sir.ilar 
to  tiiat  proaucea  upon  a^^ars   ?.  and   3t   Dro\7n-rcd  \7ith  scar- 
let  condensation  water. 
Suirj'ary  oi    influence   of  reaction; 

Practically  no   lOt^ical   conclusions    can   oe   dra-rn  from  the 
results   ootained.    Reaction  was   i.vithout   influence-  to   De 
sure   the   -,ro\vth  upon  A^jar  4,    (reaction  +  1.2)   showed   a 
tCRucncy  to   vary   in  color,    but  the  variations   v/ere  within 
those   produced   by  a^jar  of  neutral    reaction,    In  ^;enerai, 
fron  tjicse   experiments,    one  may  say  that  tiie   cases    in  hand 
s>iO\7ed  no  definite   reaction   in  color  production  upon  the 
part   of  tlie   orcanisnc   to   diff^,  renccs    in   reaction   raji^-in^ 
fion   -0.2  to   +  1.2. 

Influence   of  temperature    ar.d  moisture. 
It  -vas   found   that   the   influercc    of   tcm.perature  was    less 
marked  witli  Bacillus   prodi.^iosus    than  is   usually  the 
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cace   accoruin.]  to   dcscri jtionc.    ..acteriolO/'iL-tE    ar^ree  ac 
a  rule   t};at   the   ort^anisp.  does   not  produce  pignent  at   37°. 

Tne   cultures   sfadicd    in  tiiib    investi.^ation,    after  pre- 
limiiaary  cultivation,    produced  pi^inent   in  every   instance. 
It  should    be    remarked   that  the   pigrent  was    lest,    intense 
than   corresponding  colors    ootaii-ed   from  parallel   cultures 
,:ro\7n  at   2C°,ho\fever. 

Influence  of  inoisoiire. 
The    >r  sencc    of  ir.oisture  was   not  witiiout   effect  v.  on 
cultures   e^rown   in   the    incuoa-oor;    it     v/as    found    oy   exper- 
incrit  that  the  production  of  a  scarlet   color   in   tlie   conden- 
sation v/ater,    referred   to  above,   took  pla;e  slo^7ly,    and 
in  sone      instances   not  at  ail,    at   least,   until   the    tenth 
day,    if  tie    oryanisias  "/ere   t^ro^,vn    in  the    dr:/-   incucator. 
The   cultures   secnea   to      dry  up   ana   die   be_ore   the    cliar- 
acte   ristic    color  developped. 

Time   factor. 
The   ordinary  <^radual   development   of  cultural   character- 
isticL,    including;  the  production   of  pigment  occurrej  v/itii 
_B_acilluc    ijrodi.gosus   as   one  would   expect. With  the   excapt- 
ion  of  the    fact  that  the   pigment    /as    less    intense,    less 
•saturated'    at  37°   than  at  20°,    the   cultures   grew  raster 
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at  this    temperature   tlian  at  2u°,    out  even  at  tiie   lower 
temperature,    the   characteriiitic    reactions  were    yresent 
at  the    end    of  tiie   seventh  day. 

Ini'l-aence  of  composition  of  the  media. 
Tiifc    aoove   factors  have  demonstrated    that  neither  the    re- 
action,   concentration,    temperature, moisture   or  time    factor 
have   pr-ictically  nothin,-;  to   do  :7itli  tee  variations    in 
the    color  production  of  Bacill"i-    prodi^'iosus  .A    ;areful 
exair.ination  v/ill  bjiow,    iiowever,    that   t'nere   is    a  relation 
!.';ore   or   lo^s    constant,    b6t\7ecn  the   alDuirincus    (proteid) 
constituents   and   the   chromo. Genes  is    of  ti.is    or  ;anism. 
Af^ar  1  ana   agar  8,    containir.i^  r^lycerine, peptone   and   a^jar 
in  common,    siiowed   almost   invariaoly  a  dark  scarlet  pig- 
ment.   ThiL.    is   not  due   to   atjar,    for  a.jar  is    a  common  con- 
stituent  of  all  t:X  mxdia;    the   color  is   not  uniforrily  dark: 
nor  iL    it   due   to   the   peptone, ue cause  A^:;rir  7   contained 
only  a^jar  ana   peptone.   As   a  rule   this   darl:  pigment  was 
found   only  upon  meaia  containin^s  ejlycer.ne.    Hence   one  must 
asfcume   that  this   substance   has   a  direct   effect  upon  the 
color  proauceu   by  certain  strains    of  BacillTis    procii,  :iosus . 
Agar  2  and   agarS,    containing  meat  extract, peptone   and   no 
glycerine,   gace  a   uro:7n-red    (indicus)    oigmcnt.    This  v/as 


J/J 


^,:r»    3l;;j    aljri    i:    d(A    .  0. 


-169- 
alco   the   rulej    in  adaition,    these  ncdia  ^vere   tr.e   ones 
upon  which  tiic   viscous,    mucin-like   material   appeared    in 
r.ost  Oi    the    cultures.    Since   no   other    sajnplc.    of  o,;ar  us^ed 
in  this    port. on  of  the  work  contained  neat  extract,    and 
the    other  ingredients   'vere    coirdr.on   to  othar    a,^ars,    one  must 
assume   that  the   ine.-^t   extract   is   the   excitin,-:  cause   for 
these   phenomena.    A^^ain,    the    tendency  to   form  a   orov/n-red 
gro^'/th  with  tiie  scarlet   condensation  water  was   most  hii^hly 
developed   in  these   a.^ars,    althouj-h  the   condensation  water 
in  other  sainples  was    to  a  certain  extent  productive    of  this 
characteristic.    One  would   hardly   be   ^'Ustifieu   in  attriD- 
utin;^   the   condensation  -/ater  color  to  meat   extract,    but 
it   is    to   referred   to  the   f^eneral   properties   of   tiiis   por- 
tion of  the   a^ar  slant,    since   all   a^^ars   were    characteri^.ed 
i.,/    the   scarlet  color  to   a  greater  or  lesi^ei-  extent. 
---^:r:r  4;    containing  meat   ^.uice, peptone   ana   sgar,   having  a 
reaction   of  -i    1.2,   '7a.     characterized  by   the   presence   of 
a  red   or   uink  color.    The   tendency  toward    the   fon-ation  of 
aue^inite   pigment,    however,     'as    lets   narked   upon  this 
medium  than  u  on   the   prcceeuing.    One   cannot  make   as    def- 
inite  statements   with  meat   .luice   as  witii  the   other  media, 
cince  the    reaction  is    quite   different,    and    the   chromogen- 
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esit;   was   variaole. 

A^jar  7.    containii    •  pepzone   as   the   only  proteid   constituent, 
did   rot  differ  rnarkealy  frora  afarc    2  and   3,    exci^pt  that 
the   tendency  to^-ard   the   £ornation  of  nucinous   substances 
was    aosent.    This    is    a   oit   remarkable  when  one   considers 
the   extreme   simplicity   of  the   nediiun,  /her:   it   is    compared 
witii  the    other  sajnyles    of  a-:ai-. 

A^fjar   o.    checked   almost   identically  ivith  a^-'r  1,    except 
the  pigment  was   very  slightly   li^^hter,   r/hcn  the    two    vcre 
compared   side  by  side.    The  meaium  contains  glycerine    in 
omiion  wit-h  nmnuer  1,    and    in  audition  peptone   and   agar. 
This   teems   to   ue    quite   c-   elusive    indcnonstrating   that 
glycerine    is    thc^  factor   in  determining  the   darkness   of  t}:e 
pigment   of  Bacillus   prqdigiosus,    as    far  as    the   media  studied 
in  tills    connection  are   concerned. 
Summary. 

The   various   samples    of  agar,    upon  which  var:ous   strains 
of  .Bacillus     ;rQdi,aosus    arc   gro:/};,    agr   e  closely   in  the 
general  morphology  of  the   colonies   upon  tiicir  slanted 
surfaces.    Llot  only   the    fom,    out   the   topograpr^y,    elevation 
lustre   anu   optical   characters   are  verj  similar. 

Slight,    apparently   constant,    differences   were  noted, 
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particularly    in  ajjjar  4,    upon  wli-ch  the   or.=;ani^ia£  had   a 
ait^tinct   tendency  to     spread;    a,jars   2  and    '6  produced 
variai-'le   amounts   of  inucinous   substancec. 

The   characters   auart   fron  chroiriO,-;encsi£,   v/ere   very  sin- 
ilar  to   one   another  on  tiac  whele,   ho'.vev.  r,    ana   a.^r  cO.  very 
v/ell   with  the    correspondiivj   findings  with  Bacillus   ty|)ho^u^ 
and  coli.   i.eaction  was   ^jyitliout  appreciaDlc    affect. 
Chro.;Ot^enesi&,    on  "Che    other  ha,:a, varied   considerably, 
and   to  a  cei'tain  extent   setmed    oo   be   aLtributaole   not  to 
reliction,    or  other  factors  nentioncd    at  the   bc^^inning  of 
the   chapter,    but  to   tue   alDuir.inous   coirijosition  of   the 
media,  (includijij  jjlycerine).      Glycerine   seerneu   to  be  a 
aecisive   factor  in  tiie   production  of  a  dark  pitmen t, 
while  meat   extract  was   a^soci;..tea    ■.rith  tiie    red-brov;n  color, 
witli  the    Lendency  toward   fomation   of  scarlet   in   the   con- 
dersatio     water. 

As    far  ai    cultural   features   are   concerned,    the   conpot-ition 
the   presence   or  ansence    of  certain  definite   suostances- 
was   of  much    greater  inporT-.ance   than   the   a  ;tual    reaction 
of  the   nedium,   \ritiiin  the    Units    studied   in  thie   work. 
Tiiese  variations   were  modified    to   a   certain  extent   by  the 
tendency  to'/ard    individual  variatons    on  the    part   of  the 
or  :anisms   tiiens elves . 
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i3acillus    pyocyaneus.     (-ro-bies    i.s-zoJ 
Az    oelore,    it  v/ill  be   nccest.    ry  to   tabulate   tlie    Jindin,:s 
upon  tLe   various   rneciia  fir^t,    tlicn   discuec   then  with   icf- 
erciice   to  the    influence  oT  rcajtion»    corj^ositinn  of  the 
Eicdiun,    etc. 

A,,ar   1;    forr.   of  ,;roT;th;    riliforn,    12;    noQOtc,l;    villous,  4. 
elevation  of  gro'.vth;    flat,    16;    raised, 1;    topography; 
smooth, 14;    squomose,    5:    optical   character-  ;    opaque, 17: 
viscosity,    nCf^ativc^l?, 

Agar  i!;    fori;i  of  grovrch;    filifonn,    16;    cchiiiatc,!;    lu^tix; 
shining,  13;    iriaescent,    4:    toography;    siTioth,12;    sqiian- 
ose,4:    optical   chai-acten  ;    opaque, 17;    viscosity;    negative, 17. 
Agar  3;    forn  of  grov;th;    filifonn,    lo;    echinate,l;    beaded, 
1;    villous,    2;   elevation;    flat, 17;    lustre;    shining, 13; 
iridescent, 4;    to.uo.^^rapjiy ;    smooth,  13;    d.illate, 4; optical 
characters;    opaque, 17;    viscosity,    jitgabive,17. 
Agar  4;    forn  of  gro^^thj    filifom,15;    echinate,^;    elevation; 
flat, 17;    lustre;    shinin.-,lG;    iriaescent,!;    topograp]iy; 
smooth,  15;    squrjnose,2;    optical   characters j    opaque,  17. 
Agar  7;    foni  of  gro\7th;    filiforn,16;    cchii,ate,l;    elevation; 
flat, 17;    lustre;    sh  nirg,15;    dull,l;    iridescent,!; 
t0:)0graphy;    smooth,    15;    &quai,ose,l;    viscosity, negative,  17 , 
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Agar  8;    fori,  of  ,jrov/Lh;    liiiforia,  14;    echinate,2;    villoub,l; 
elevation;    flat,!?.;    i-ait.ed,    2;    convc::,    3;    tOw  ocjrapiiy; 
bmootii,  15;    squc-jnose,!;    ru^^oee,  ■  ;    iuttrc  ;    sliinin,^,  13; 
ciull,l;    iridescent,    3:    optical   ch.^ractere;    opaque, 17; 
A,j;ar  10;    lOiTi  of  gro'?t,h;    riiii'oir:,    17;    elevation;    flat, 
16;    rait:ecl.l;    lustre;    shininjjlo;    iriuesc£iit,2;    topOi-rap.iy ; 
imootli,  14;    squ.^anobe,?:;    rugose,!;    optical   chcractere; 
opaque,  17;    viscot,  ity,  17  negative. 

Agar  11;    for:-  of  growth;    filifom,    15;    cchinate,2;    ele- 
vation;   flat,lG;    raided, 1;    lustr-  ;    shining, 13;    iviaescenc, 
4;    toogiT.phy;    smootii,  15;    squ.aiT.ose,2;    optical   characters, 
0Maq;ie,17;    viscoticy;    negative, 17. 

A,^;ar  12;    f0  7-i;.  of  growth;    iiLiforn,17;    e'cvation;    flat,  16; 
vaiied,!;    lu&tre;    chiniug,12;    iridescent,    5;    to    o  :rap};.y ; 
snocth,14;    sQuar.oce,3;    optical   characters;    ooaque;    17. 
Af^ar   13;    forn  of  growth;    filifonu,    17;    elevation;    flat,  16: 
raised,!;    lustre;    t.ii;riijig,14;    iridescent,    3  ;tcpograpiiy; 
smootn,16;    squaniose,!;    optical   characters  ; opaque,  17. 
Agar  14;    Ton':  of  growth;    filifoiTi,    17;    elevation;    flat, 17; 
lustre;    shining,    12;    iriaescent,5;    topographv;    smoot}i,16; 
SQU-jp.ose,!;    optical   ch.eractc  rs  ;    opaque, 17;    viscosity; 
negative,    17. 
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The   results    ouvaijicd   with  tiie   or/,arji!^n  under   coiisid- 
tration  arc   very   interestino,    ai.ci    ur  ing  out  Lome   points 
which  hitherto  have    been  ooscure. 

The   above    table  hac    oeen   inserted   to   brint-  o-.it  these 
cx'.anicres  r.ore    readily. 

Bacillufc    pyocyancus    produces   produces    DotJi   a  pigment, 
pyocyanin,    characterit tic   or  the   or ^anisn,    and   another 
pigment,    soluble    in  the    inedium,    a  riucresccit  pi.-rient, 
which  is    GOin:::on  to  a  numcer  ol'  so-called   fluorescent 
bacteria.  .The   exact   relationship   oetween  these   pif^entt, 
ti.air  chan<jes    accord i,,  to   varyiRo     onditions,    and   tlic   in- 
fluence  of  various    cjianGes    in    reaction  anu   composition  of 
the   media  upon  wliich  ti.ey   are   gro'vn  are   a^    yet  not   clearly 
nderstood. 

l-eference   has    oeen  n;ide   to  the    recent   invesoigations 
of  V'assermann,  (loc.cit .  )   who  ha^    done   the   best   ana  most 
complete  work  up  to  date   upon  man:;    of  tliesc   points. 
His    results   have    oeen  considered   in  .-'art   11; 

Because   of  the   ^jreat   interest   attachi  ,;  to   these   points, 
threat  care  jias    been  taken  to   cl.eck  tlie    results, v/}ii,:ix  are 
in  many  ways    different   fi-om  tho   e   previously  presented. 
Additional  samples    of  a<;ar  have   been  made, by  the  same 
ODservers    and  under   tjie   s raac      conditions , from  tlie   same 
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natcrials,    ana  utili::cd    in  tliis    conjiection,and    inbhort, 
every   precaution  lias   been  taken   to   untiure   unirornity  of 
results . 

The   cultural   characteristic:^, excluisive  of  chroino.;enesis 
ana   fluorescence,    are   of   little   interest,    and   ^iil   oc   dit- 
cut-sed    firct,    inaicatin^j  any  influence  which  reaction, 
concentration  or  composition  of  the   incaiiun  r.ay  have  upon 
them.    Chror<Oaenesis   ana   fluorescence,    Dec   use   of  their 
importance   as   diai^nostic   characteristics   of  Bacillus    uyo- 

cyaneus ,    will    ce   discussed    later,    and   separately, 

»■ 

Cultural   characteristics   of  a.^ar  slants    of  Bacillus 
pyocyaneus . 

Agar  1;    tiiere   are   tr/o  Tell   defined  type^    of  ►.;rowth  upon 
this    a^;ar;    tho^^e   havin^;  an  alnost   invi^^ible,    siiininej 
growth,    and    tiioee   havin.^  a  more  r:ar]:ed, silvery  or  irides- 
cent  lustre.    Almost,   invariable   the   orj^anisms     -ro '  as    non- 
characteristic,    filamentous    colonies,    ^lat,    smootli. 
There    is    a  slij^ht  temdency  for  some   to  spread,    but  this 
is   not  narked.    The   ^rov/th  was    luxuriant  upon  this  miedium. 
Ajar  2;    a^^ar  3:    t'^rowth  filifom,   'Without  any   uecided   ten- 
dency  oo  spread.    The  ^am.e   tv/otypes   appear  upon  this  mediur. 
In  some   few   instances,    the   silvery   lustre  v;as   not  spread 
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over  tii€  v.'h.ol&  tS^'O^tli,    but  was    coniiiica   to  patches, 
i'iiere  was   no   distinct   relation   Detv/een  tiie   thickness   of 
the    lci.7er  of   oacteria,    proxinity  to   the   conaenbation 
water,    and   th^    appearance    of  ti.is   Metallic    luetre.    Fur- 
thermore   the   phenonenon  -."as   not  aLisociatcd  with  dryiri.=^, 
and   the    peculiar  uibtrioution   ie    one    of   the   peculiar  var- 
iations   to  which  certain   oacteria  are   prone.      The   ^-;ro'7th 
was   noderutely   lu>rariant.    flat   ana   as   a   rale    smooth, 
althou^;h  a  fe-?  cultures   showed   a  tendency  to   fon^;   a  wrin- 
r.led  surface.    This    feature  ,i:owever.v/ as.-    an  individual 
peculiarity  u::on  the   part  of     erLain  strains    of   uacteria 
rather  tiian  any   inherent  property  of  the  media  as    is   sho'/n 
by  the   fact  th  at   the   same   variation  occurrea  nrach  i::ore 
frequently   m   individual   cultures   tjian  upon  specific  meaia. 
Ai^ar  4;    the   or.janisnis   ^vcvf  luxv.riantly  upon  t   is   nediuin; 
more  so   tiian  uoon  any  of  the    preceedin^.    This   has    ueen 
the   case   almost   invariably  so   far.    Tlie   cultures   of  ^acillus 
pyocyaneus  upon  this  medium  did   not  have   the   sai-e   tendency 
to  spread   as   v/as   the    case  with  the      revious    or>;ani&r:S 
studied.      Tiic   ,:rowths   were   fil:  fori  , fiat,    smooth,    arid 
opaque.    The   Lilvery  lustre, mentioned    -oove,    'vas    less    con- 
spicuously develouped   tlian  v/iL",:   other  a,^ai-s.    in  only  two 
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oasee   did    it   appear  to  any  considerable   extent. 
Ai;ar   7;    ;rowth  mocieraLely   li;xuriant,   with  a  tenacncy  to 
spread,    and   aliriost   invariably  shiniiitj;    the  metallic   lustre 
Wi,en  present,    did   not  cover  tiie  whole  surface,    but  app- 
e  area   in  patciies,    '^iiicii  were  uore   or  less   dilTuse.    'I'he 
cu'tuict   showea    a  tendency  to   forn  thick,    raised   ..rovths 
in  contract    co  the   i'lat  eSi*o ''"tJi-   iioticed  j;it;.erto.    The 
colonies   were   in  t-  e   main  snootii,    althou^^h  sor.e   oi    the 
thicker  f^rowtiis   ^'/ere   sli^^ltly  v/rin'^led. 
A^^ar  S.    Growth  luxuriant,    riliTorr,    slijhtly  sui-eaaing, 
and   almost   invariably  shining;;    tiie   in.etallic   lustre,   was 
when    ijre^ent    tiff  use,    forniin^;:   only   a  small    ^ai-t   of  tlie 
surface   appearance,    Tlif    ;;rowt     u  ion  this   a^^ar  was   tl:e  most 
constant   observed   so   far. 

Agar  11;    t>.is   a^ar  showeu  ,-;reat  vailations   of  growth-forms. 
Particularly  variable  '•'as    tiie    lustre;    the    two   types, shining 
ana  metallic,    occuTred   apparently    -^  ndiscrii:i;  ately  upon 
tjie   "came   culture.    There   -vax.   no   regularity   aoout  this   chcr- 
acterittic.    The  ^^eneral   tendency  v/ae    towards    the   fon  ation 
of  a  filifoiT-  gro:?tki,    fl.:t,    smooth,    and   opaque. 
Agar  12;,  13, 14.    These    aga>f:   were   alm.ost   identical    in  their 
characteristics,    luxuriant,    filiform, flat, shining  smooth 


aritwcrr:.  J»#4iiAf   «^liUr  enol  o^  i(»fi9ftn«^  Ji   i«9> 


.tip*    .-J    livVi  3  M>n     -■'.:..: 

:>-•**   I    -.   '    _,     , ;  ..iterr  xltf  »'-.■■  -,• 

i-^^«  M^raoao   ♦all! 

yff  om  amr  aitadT  .rvatJU/v  s^.^     > 


-17  b- 
burrac&'o. 

In  general,    the   ,-;i-o  ■'th  upon  an'   oi    the   a.^-ars   --/as   not 
very  unli>e   any  other   atsart,    anu    one   wovld   not  "nave  very 
nuch  dilTiculty   in   recognisiiit;,    ae    ^ar  as   the  r-orpholo^y 
of  tiiC   or^janiSBis  wab    cojcernecl,    the   various    cultures   as 
beixit,  tiose   oi'   the  ^^Fant    ore^anisi-i. 

ChromOf^enesis   and   Fluorescence, 

These   t^70   characteristics   varied  widely:    ir   fact   one 
could   noT    iaentify  Bacillus    pyocyaneus   upon  certaiii    of  tht 
media   by   its   chronoc^enic   and    riuorescent  properties. 
The   r-eneral  appearance    oI'  "ci-.e   or.^anisms  up  -n  different 
a^ars   7/ill  be   discut.seu   first.    The   apparent   .a"se  of  the 
variations    in  chror.Oe;enesi&    and   fluor(  scene-    v/iliue   dis- 
cuss.; d   later. 

A^ar  1;    s-arface   t^rowth  usually  dark  gr.  en    (pyocyanin). 
Certain  cultures   sho'ved  no  pignent  at  all.    Fluoresce. ;ce 
was    only  siif^htly  developped. 

A^ar  2;,    agar  '6;    Doth  pyocyanin  and    fluorescent  pignent 
v/ere   poorly  developued   upon  these  sainjle^    of  r.^ar.   I'any 
cnlturef.    oroauced   neither  pif^.ent   n   r  well  riarkeo:   fluores- 
cence.   The  pyocyanin,    v/hcn   present,   had   us-jally   a  well 
narked    i  cd-bro'-ai   color. 
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Aj^ar  4  was   Uidque. -  the    irsoluble   pigncnt,    pyocypjiin,   was 
alr.ost   invariaoly  absent,   "'hile   the   coliicle,    riiiorcscent, 
pigr.ent  ^7a£    extraordinarily  -^ell   dcveloijoed.    Tuie   phenom- 
enon seejiicd   to   oe   consta  t   for  e^rery  culture   cr-canined. 
At^ar  7;    t-.e   I'luorebcent   p.,:>ient  v/as    aocent  as    a   rule, 
T/i.en  pyocyaneuE   was  grov/ji  upon  this    a^ar.    Th-.    insoluble 
pyocyanin   showed   cl'^fcat  variation-     in  color,    varyinj   fron 
a  rather   lit^ht  yellov/  to   red-brovm. 

Afjar  8;    A^ain  i'luorescen  ;e   ii^    alnost  aiv/ays   auscni:   I'ror; 
tills   nedium,   while   trx-   pyocyanin  varied  (jreatly   in   color. 
In  a  very   few   instance^,    uoth  the   riuoretce;it   r,  d    irsol- 
U'ole   pignents   were   absent. 

At;;ar  10;  The  -luoresceiit  pi^ent  was  acsent,  while  the 
pyocyanin  thoived  colors  varyia:,-  iro):  red,  brown  to  even 
i)Iue. 

Agar  11;    uoth  pigiicnts   were  very  variaDle  u:;on   thit   nediixr. . 
Mo  general   tenuencies   toward   tlie   produetion  Ox   defii  itely 
coloiea  products    of  eitiier  product  were   noted. 
A  ,ars    12,13,14;    these   a.-ars   variea    slightly  from  one 
another.    Ir.e  us^j.al   tendency  was    to   produce   a  soluble  pi/;- 
luCjt,    togetJi.,  r  with  a  sli  ,ht  .ar.iount   of  pyocyanin. 

Influence   oi    the   various   chemical   and   physical  prop- 
erties   of  tnc   neaia  uuon  tr.e  growtli  of  Bacillus    pyocyane-.is . 
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Irriuencc    of  reaction. 
'i'he   Gt.uuy   oi    tiu-    previously   consiuerea   bacteria,    Z-acillus 
_coli,    tvuiios''!:^    ana    urodi^go^us,    has    ueirons^.rated   that, 
with  the   conditions   under  which  tliey  v/ere  thrown,    tiic   re- 
action of  t]-.e  varioiis  giedia  had   practically  no   influence 
upon  the  laorpholoay   of  the   .^rov/th  or  the   proouction  of 
pigment . 

'.rnile   there  were   the  ^-reate&t  voriatj  ons    in  the   color 
of  the   pi?;rnent   proQuced     y  the    :jroaie;ioeu&    cultures,    and 
consiaeraDle   in  the    fluorescence    of  iia_ci_iras    oyocy-..iXuc , 
the   changes    are    of  tuch  a  character  that  they   cannot  be 
attributed   to  the    reaction  of   tlie  mediim, because  the   var- 
iations  were    as   threat  upon  ihcdia  jiavin;   the   sane    reaction 
at   upon  tiiOse  havin,^  widely   aiffei-ent   reactions. 

Influence    of  concentrati  n  of  t]:e   nediun. 
ilo   ex  feet  ^/as    noted  when  the    concentration  of  a^ar  rangea 
fror-  0.8  to   1.5    stercvnt.      In    ,:eneral,    tjic   fluorescence 
was.   riost  ma-rked    in  a^^ai-s   havin^;   less   concentration,    than 
in  those    in  vmich  the   percenta-je    of  a^^^r  is   ^jreater. 
Apparently,    too,    tlie    uhorou,j]iness  ^ith  v/hich  af;ar   is   dis- 
solved   it,    not  without   influence    ■:>  .on  the   final   result. 
i'jie    lesser  conce  ^trations   not  only  seeii  to   favor  the   so- 


lav  f»«fiu  at»lJlbam9 


'fl^uf  aad   aO 


iiA'^-^-i^iZ    v.... 


CI  «^ 


fOffcrr   ^rW   ,00.- 


-181- 
lution  or  GoluDle    jif-inents,    but   tl  at  ^-rowthis    are   apt  to 
oe  r.orc   i-preaciin.j  witii  t/x    letter  amounts    oi"   --gar  in  the 
F.edium. 

Influence   of  tenperaturc    ana  )noii.tur£  ; 
Ten.jcraturc   had   a  narked   effect  upon  the   ■oi>-:^riient  product- 
ion of  Bacillus   pyocyaneus   particularly  \7hen   the   cultures 
were   kept   in  the    thernostat   in  a  <ury  atnoephere.    Th     chan^see- 
in  tl:e   pyocyanin,    durin^^  wnich  tiiae   the   various   colore u 
products:    ar-.    fori.ea,    take   pluce  no  re   rapidly  at   37°;    in 
fact,   when  lor.e   of  the   cultures,   were   ^jrown  at   20°   the   pyo- 
cyanin  did   not   chan,j-e    froLi  the   character  it  tic   brae-<-:;reen 
to   the   oxiQi2;ation  products,    the    rf  ds    and    brov/ns. 

Cultii.ree    of  ijacillus   pyocyaneus   kept   in  r-   noist  atnoc- 
ple.re    forned   the   ch  .racteribtic   pigment  mucii  more   abun- 
dantly  than  siiiiilar  cultures   kep^    in  a  perfectly  dry 
atnoephere.    This    feature  was  r.oie  r.arked   at  57**   tiian   at 
20°.    The   fon;ation   of  oxidisation  products    of  pyocyanin 
v/as  nore  i  arked    in  a  moist  atiaospjiei-e   tj-.aii   in  a  dry   envii- 
oninent;    thio    is     ;rooaDly  one    to  the    fact  that   t}ie   c'.ilt- 
ures    did  not   dr;/  up  as   rapidly.    In  moist  atnoLpheres    the 
cultures    remained   alive  surpritin^-ly   lonfj  tines,    consider- 
in^;  the    fact  that  pyocyanin   is    a   Dacteriolysin. 

Influence  of  certain  chenical  ;;o-stituejLts . 
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It  has    oecn  shown  that  tht   variations,    particu   arly 
in  pi;;i;ient  proaucti-n.    cannot  ^vell  tc    exul.-ijied  upon   the 
baeiG    of  chanj^e    in  reaction   or  t;.e  nediuiji,c-tc. 
Change    in  the   composition  of  thf   r.euii^m,    liOT/cvcr,    seems 
to  have   a  deciaeol   effect.    It  v/iil   ne   well  to   bc.:i     vjith 
the  sinulest  a.--ar,    and   trace   the   chan^-es  with   increasing 
complexity   of  cornvosition. 

Agar   7,    containii't^  peptone   r:nd   agar.    An  examination  of 
the   tables    'Vill  siiow  thatfliioresccncc    is   practically  ab- 
sent upon   ti.is  meai;ur:;    on  tne   oti.er  hand   the   pyocyaiiin 
is   very  v/ell   develo^ped    The  various    oxidization  products 
of  the   pyocyanin  art;   even     more   nari.ed    tha;;   the    .'lue -green 
color  of  the  pigment   itself.    Several  stages    in  tlie   pro- 
cess,   ligiit  yellow,    green,    dark   Dro'vn,    olive   green  and 
purple  v/ere   noted.    It   is    extremely   interesting  to   com- 
pare  tiiese   findings   v/ith  those    of  otiier  worl:  upon  the 
same  suo^'ect. 

V/assenr.ann    (loo.    cit)    fouid    that   the   pyocyanin  di£Eol\^e£ 
in  c-  lovoform  giving  a   red   color,   \7hen  such  a  solution 
De   treated   witi,  hydrochloric    -.ci-j;    a  yellowish  color  ?/ith 
reducing  agents   and   a   olue   color  'ritj-i   alhalais  . 

liolard    (Ccnt.f.    T3aktc  riolngie,      ol.25)    f  ounu   that 
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thc    n  d   yi^iTxnt   i^.    m   coiorin  ,  ncit'cr  produced    uy  sone 
caan;c    in  the   pyo:;y£:nin. 

It  has    oeen  shown   in  the    taoles    t};at    in  the    ^ar.e   agar 
tuceo,   ma  Lie   at  tlic   ^  anc   tine,   un.  er  the   same   conaiti..n&, 
havin^  essentially  the   sai.ic    composition,    the   above   chanties 
r;ay  take      place   sidf     :,y  siue.    Tae   om./  demonstraole   aif- 
ferejict    is   the   diffei-cnce    in  strain  o.C  the   ort^anitm. 
Even  this    it.    not   alivays   constant. 

It   ib    Quit.e   unlikely  that  hydrochloric   or   in  i"  ct  any 
free     mineral   a;jia    it   present   i      the    ..uLtures,yet   one 
finds    the   yellov;   color      recent   irequently .    A^-ain,    there 
cannot   ue  iriuch  free   alicalai  present,    yet   one    firids   the 
olue   color  appearincS.Eitlic  r  v/e  have   two   series   of  (•h-.n;i;ec, 
whoLe    res    Its   ai  e   tiie   same,    one    caused    uy  the   action   of 
acid,    ali:alai  oi-   rcnucin^.;  substances,   'yJiile   the    other 
is   caused    by  the    ort;aniSi-;s    th'-inselves,    or  else  we   are 
coiap^lled   to   oelieve   the   strain  of   Uie   or^e-anisms   ha       much 
to   uo  witii  t/ioGc   phenomena,    'i'he    latter  coneliision     is 
logical   in  view  of  tiic    individual  variations   noted    in  the 
tables. 

A^ars    2,;i,4,ll,l2,l3, 14.    composed    of  neat   juice,    peptone 
and   at;ar.    These  a^iars   were  made    by   diffcrejit   individuals. 
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nOE.    2,11}    3,12   Dy  the   t^air.e    indiviciualt    at  ailTcrcnt 
times.    Tiie  r.ost  noticeable   result   one   sees    07  .^lancin^ 
at  the   taoles    it    tix:.t  the   pioinent-pyocyauin-   ic   not  '-ell 
dcvcloupcd.    There   is    a  tligjit  aiv'-unt  produ.-;,.u   by  certain 
aT^raiiic    oi"   ^acillus    jyocyaneus^  ,    out  t,hic    is   not    uy   any 
i.'ieanti   the   rule.    One  may  L.ax'el;;'  acsune   tViat  t- ese  samples 
of    a^-ar  are   not  rich  in  thoije  riaterials   iroi;  thich  the 
cr^^anisn  may   derive   products   neccssar?/'  for  the   production 
of  the  characteristic   pigment  of  tixe   or^aiiisn.    As   a  rule, 
when  thib   j3i,<.sinent  '.yas   producea,    the   oxidi:.ation  products, 
red-brov/n  particularly,    v/ere  the   ones   rost   frequently  met 
witj-..    This    GOlorinji-  i.  ateriai  was    ori,,^inally  descriocd   as 
the   third   of  t   e   pigiucnts    cnarawteristic   of  pyocyaieus, 
out  we  no\7  know  tl^at  this    is   a  laistahe,    ana   that   it  nerel.v 
represents   a  Et-:v-;e    in  ti.e  ^^radi'.al   oxidisation  of  pyocyanin. 
Fluorci-cence  was   very  'yell  deve lopped,    altriou  ii  the  var- 
ious  strains    of  the   organisms, not   the   character  of  the 
a^^ar  v;ere   tiie   exc^itin^   cause   acternininc  the    intensity 
of   'cj.e    color.      It   is   difiicult   to   account  .or  the   differ- 
ences  ob^.aijiin-  in  ti.ese   a,;ars,    differences   which  seem  to 
DC    rather   characteristic   of   the   various    samples    of  the 
Liedia;    it   is   to   oe   suoi.osed    t  at  ar^ain  we  ha  ^e   a  sii  ;ht 
inaication  of  a   'persojial   factor'    in  the  mal-in;;   of  each 
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nedium.    T.  is    is   rcnderca  r:ore    QTOoa.ole    uecause   of   the 
fact  tiiat   -.hey    ■.'ere  nade    at  the   s  me    i.ii;e,    fron  tiie   sane 
lot   of  materials,    ana   the    re  .:;tion  varied   from  0.0  to  + 
O.H,    a  very  sli.  ;ht  difference   in  reaction.    A^^ars    2  and 
11  v/ere   characterisea   oy  the   preponaerance    of   the    red- 
bro'.vn  modification  of  pyocyanin,    wiiile   3   and   12  'verc. 
note'vorthy   bexjanse   of  the   excect    of  c^iltures   .  }.ov/in^   tiie 
^reen   oigment.      Tiiese  samples   were   mad-     oy   individ-uils 
f    illed    in   .  akinfo  media,    anci    althou.^h  trie   chan^^ee   riOtea 
above   are   slii-iht,    they  are   quite   constant.    As   this   phe- 
nomenon has  happened   ."i.^ain  and   a^jain  durij-f^  the  prOf^ress 
of  th^e  wo  Ik,    it  cannot   oe   accidental,  and   the    personal 
factor  is   tiie      logical    interpretation  of  the   p;;enomena. 
Tiie   personal   facr-or   in  media  maltin.,   as   well   as    in  malting 
o'oservations,    is   another  variaole   which  o/:e  must   take    into 
consideration  in   uacterial  work. 

Agars    1   ana    8;    Ee^ar  1,    comuosea   of  meat   extract, f^lycerine 
and   peptone;    a,,ar  8,    j)e_.tone,   glycerine   and   ajar.    The 
glycerine  had   a  tendency   to  darken  the   color  of  tiie   pi.:- 
mcnt  produced    ..y  Bacillus   prodir^iosus,    ana   the  same  ^jen- 
eral   tendency  obtained  with  cultures    of  Bacillus   pyocyaHeuc 
Tne   color  of  tie   pyoc.-anin  was   darker  upon  media   containin-: 
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glyceririe   than  upon  any  otner  media.    One    is   not   .yastified 
in  ^encr.-li::;in,^  u.on  so  small  an  aiiount   of   evidence, 
particularly   w]ien  one    is   dealin?;  wit',    living  tiiin.^!.  ,    out 
the   results  have   bee/   so   consistent  durin^"  the   prOs^ress 
of  this  work  that   they  can  hardly  be   looked  upon  as    acci- 
dental,   and   r.ust  have   soir.e  wei^iht.    Ajjar  1  was    rurthcr  char- 
acterized   uy  tiie   production  oi    a  peculiar,   netallic   lustre 
which  was   entirely   lackine^   in  a>i;ar  3.    It  v/ill    .  e    remem- 
bered  that   those  media  containiAt;  rne^it   extract   .javc  this 
ap:)eai-ance,    Wiiile    other  a^ars  ^ave    it  sli,-^htly  or  not  at 
all. 

A^ar  4.Gcr.posed    of  neat  juice,    peptone   and   agar.   V/e   have 
s>  en  that  peptone   af^ar  and  meat   extract-peptone   a^^ar 
tends    toward   tiie   rornation  of  pyocyanin.    That  ,^lyc<:  rine 
has    a  aistinct  tendency  to   produce      a  darker  pi;;ment,T7it"!i- 
out  the   production  of  considerable   sonounts    of  fliorescent 
pit^ment.    'I'he    latter  iiieaium   is    apt  to    ue   cl:aracterii:ea   Dy 
a  f^reater  amount  of  fluorescent  pigment   tr..an  the   peptone 
a^di .    The  ii-reat  characteristic   of  neat   juice    agar   is    the 
formation  of  a    '-ery  decided    fluorescent  pigment,    ana    the 
relative   absence   of  pyocyanin.    This   \7''e   very   ae^initc  and 
iaore   striking  than  any  other  characteristic   considei-eu 
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so   lur.    This   can   hardly  be   due   to    r  eaction,si:ic;e   .  edia 
haviiicj;  the  sajne    coia  ;OSition,    but  a  neutral   reaction  ^ive 
prcciECly   the  saue   results.    The   probai-ility  that  the    re- 
act JD  n  has   practically  nothij^t^  to   do  with  the   Tluorcs- 
ccuce    is    renaered   all   the  more   probaole    by  the   fact   that 
certain  of  the   neutral  neat   extract  a^ars   shov/eu   a  certain 
ainount   of  flu   rescence  i7hen   inocalar.ecl   with  pycyaneus. 
It   is   difficult  to  explain  the   absence   of  tiie   character- 
ittic   pit^inent,    pyocyanin,    upon  neat   juice   a;-:a.r,    wnile  the 
non-ch:^racperistic   pignient,    fluorescein,    is   present, mien 
the   only   chan,^-e    is   the   substitution  of  nest   juice   for 
neat   extract,    ana  when   the   serinn  nediur;  sho^ved    uractically 
the    reverse. 

A  prio    ri    one   wou'.d   ex  ect  there  wouiu    ue    less   difference 
oetwten  laeat   juice    '-nu   blood   serum  of  the   same    animal, 
than   betT.'(.  en  meat   juice   and  meat   extract. 

The  w..ole   investi.jation,    xrhile    ooi:e   on  a   rat:ier    larf^e 
scale,    is    full   of  these   perpltxini;^;   questions,    ana  irach 
more   extended   and  elaoorate    investi   ations   arc   necessary 
oefore    one    ca.!   definitely  settle   these  points. 
The    results    presenteu,    while   significant,    cannot  be    re- 
garded  as   final,    and  n.ist    ue   coriobcrated    oy   investi.^ators 
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usin^  the   saiic   f-eneral  niethcub,    but   carried   out   in  r;rcater 
r.ur.ocrb.    LnoUijh  has    oecn  p.es-enteU,    hov/ev<- 1-,    to   ejio'v  tiiat 
the  work  of   ^.^le  pa.  t  has    ucen  dnre   u.oii  much  t.oo  snail 
a  scale,    ana   tliat  coordinateu,    e.vEt£;.atic    iiivesti.jations 
arc   ncceseaiy  to   settle   rirally   the   relacion  between  v&r- 
iationc-    in  r:edia  riakirw:,the    'personal   factor'    ana    the 
extent  to  ■■/hich   one  mubo   rely  Ujou  cultiiral   ae   opposed   to 
Diocher.ical   characteristi.;s   i'o  i    tjie   class iTication  oi' 
bacteria. 

Suiuaary . 
The    re-- alts    oT  the    ini'iuerce   of  reaction,    concentratioi 
tiiue    fi-ctor,    r.ioisture   and   ci.enical   coir.yo&ition  of  r.edia 
upon  tiie   i'ovTi  of  ^-roiTth  of  ore^anisins   have    been   qu_  te 
thoroutjiiJ.y  discussed   at  the    end  of  each  section,    and    for 
each  of  the    fo^.r  ort^anisms   studied. 

We  iiave   seen  tiiat  c   lony  fori  ation  u  ,Gn  plates   depends 
upon   conditions   such  that  the   variations   of  any   ort^anism 
^'    on  a  ..^^iven  plate   are   qv.ite   as   ,;rcat  with  the   s'.ne  species 
ana  s.ai.ie  mediur,  as  v/oj-ld  be   trie  case  witli  the   sar.e   species 
of  ory-:nisn  u  on  different  ^.lates,   ,;rown   in  media  containin 
the   'is-al    inr'rf 'lients,    and   of  a  reaction  and  concentration 
such  tiiat   uactcria  caii   reasoiiauly    .e    ex  ^ected   to  g^-o^v 
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ThiG   has    ueen  the   experioice  of   oa  ■tcriolot:ists,    and  needs 
no  further  coim-^ent  at  this   time.    In   a  rA^/cn  ijlate   one 
instinctively  chooses   a  typical    iaverar>e)    colony   for  det- 
cripticn:    txie    coloa     may   not   ue   dittijiCtive,    and    resemble 
GOloniei..    of   otht  r  oacteria,    yet  this    is   the   basis    fon 
\7hiCi:  all  species   work  must  start,    since    uacterinlo  ;ists 
liiust  depend  Uijon  plating  ou^    methods    for  the   separation 
of   i.acteria,    and   the    ir   isolation   in  pure   cultures. 
Upon  the    ;c latin  stao,    as    a  rule,    not'iin^   is    constant 
or  lmpovT,ant   except  the    liquefaction   or  non-liquefaction 
or  gelatin. 

Agar  slants,   \7ith  tht   non-chroi  c^eiiic,    non-ch  vacteristic 
oacteria,    arc    influerced    ry  the   concentration  of  tlie   a^^^.r 
to  a   certain  extent,    and   the   luxuriance   of  ^irovrth  is   var- 
ied  by  the  ir.eat.  proteid   present,    r.eat   .luice    oeirt,-.^  very 
favoraule    in  general   lor  bacterial  gro^Tth. 
The   chro]:io,;enic    uact-:  ria  re-?.ct  to    -  i^reater  extent   to 
changes    in  the   aloui.lnous    content,    ano    also   to   certain 
chemicals,   glycc  riiie  notauly.      The    latter  suostance   has 
a  tendency   to   cause   a  general   darkening    'f   the   color     of 
the   pigment,    iix   morpholo,;     of    the  growth  is   not   changed 
Dy  these   suustMnces.    The   albuminous   suustancev-   too  have 
a  decined    actio/i ;    this   can.ot  be   specifically  stated   a 
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priori,    b.t  must   ue   I'ouiia   out   oy   actual   e-'periipxnt. 
The    pyocyfi.n.eu£    and   prodi^^io;  ue    cultures-    have    oeen  t  tudiea 
in  con!3id£iaDlc   aet:=.il,    nnd    the   dixTere nces   noteu   above; 
it  seems   very  proDru;le  that   iii:e   Ghani_^eii   will    ue   I'ound   to 
occur  witr    oti.ei    chronooenic    oacteria  as    one   or  anoti.ei 
Kuobtance   is   used    as    the    oasie   of  the   nediTm  u  .on  ivhich 
they  are  oro^m. 

Blood   tenxm  secrii;    to   oe    qui".c   at   valuaolc   for  furuit.hin^-; 
bacterial  nutrii-ent   ac  r.eat  extract,    and    i&   not   open  to 
the   OL. section  that  the    inor^-janis   salt  content   is   so  var- 
iable 

These    facti.   have   a  bearin,j  xxoon  aescriptive    oacteriolo  jy ; 
descriptions   of  chronOiienic    oacteria  inust   ue  nade   ^dth 
I'iucn  ,;roater  attention  to  details    if  such  aeteminations 
are    to   i)e   useful   ana    relir;ule    to    uacteriolOtoi^^ts .    iiot 
oriy  r.mst  the   variations   occurrin^^  upon  a  jj  vej"!  meuium 
be   discubEC  1,    out   tl.e   coir.position  of  the  nediuia, partic- 
ularly with   reference   to  the   conposit:"on  of  the   pioteid 
material   be    includeci,    lo   thi^t   one    nay  iiave   sojne    uasis   u  -on 
Wiiich   to   repeat  the   observation'^  ,    and   obtain  concordant 
results. 

Section   6;    Interpretation   of  tlie   s-une   cultural   plienor- 
ena  by   different   obsen/ers  ;    the     -ersonal   factor  o^    cult- 
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ural    im-crprctatior  . 

The  'pcrbonal  lactor'  jr.  interpi  etiritS  Cultural  Char- 
acters  of  Bacteria. 

As  a  basis  for  this  study,  tvrenty  five  students  were 
placed  at  my  disposal  throuj^h  the  kindness  of  Dr.  V'elch 
ard   Dr.    Ford. 

These  iixn  nade   systeiuatic  study  of  tiiirty    (30)    orgjan- 
i5_r:s   usin£^  tlie   niu"erical  nethod   of  tabulation  inentionea 
elceivhere,    and  working;   in  f-roups   of  three  men  each. 
Eaci:  man  made   separate   tabulations    of  the   ciiaractei'S   of 
these  bacteria,    and   each  group  of  three  made    records   of 
the  same   cultures. 

The   v/riter  nade   obscrvatjons    on  each  set  of  cultures, 
and   tabulated  his    rcsixlts   tOt";€ther  ^7ith  tii05.c   ol'  the   stu- 
dents   in  the   accompanying  tables. 

For  convenience   of   identification,    the  students   are 
ner.oered   1-25,    and   a_ter  each  throe   oosenrations,   ny  own 
follov/  in   red   ink..    Since   all   four  i-esults  ^vere   iiade    from 
the  same   set  of  cultures,    one  may  compare   the   differences 
in   interpretation  by  merely  noting   the   different   numuers 
for  the    same   characteristic. 

It   is   obviously   impossiole  to   aescrioc   exactly  each 
personal   peculiarity    (personal   factor)    in   intei-preting 
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these  results,  out  a  fev/  general  ttateinentc  can  be  na  de 
TThich  will  inaicate  the  principal  points  brour-;ht  out  by 
this  investi -ation. 

1.  There  is  a  •personal  Tactor'  in  nakiu;;  ooservations 
upon  the  i-ame  set  of  bacterial  cultures  b,y  aifierent 
obsen-crs. 

2.  These  variations  oiirdnioh  as  the  cultures  approach 
Eiore  nearly  a  aciinite  type,  (as  a  typical  rilii'om  gro'-vtl: 
upon  a^jar,  i"or  exar.ple,)  ana  increase  as  the  character- 
istic oecoEes  nearer  the  mean  betv/een  two  types,  (as 
betv/een  a  Tiliiona  and  echinate  i^rovrth.   for  exaiiple  ) . 

'6;    The  variations  in  cultural  charactcristicb  ooserved 

ai-e  similar  ij.  nature  to  tr-ose  found  in  tiie  first  portions 

of  this  invcsti,:sation;  variations  in  intensity,  out  not 

of  hind. 

The    reaction   of  media,    and    other  similar  characteristics 

r^ave   precisely  t}:e   .  eme    res^ilts   as   similar  experiments   in 

the   preceeain^  portion  of   this   chapter. 

4.    Cultural   ciiaracters   are   unsuitable    for  primary  division 

of   Dacteria  into  .groups. 

The    follov/ing  pa,jes   are   a  suiraiar..^  of  the   chai-actcristics 

found    in  this    research  with  thirty  orjjanisms. 


;j;;i£  ^i.:X3    i. 
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Bao  1 1  lus    p rod ir;± ozwj:  .    ilo.    1.      23   oDterx'-ations  . 

iar  slant   cultures. 


fom     filil'onn,    21.    t^preaoin,;,    2. 

elev3.tion.    flat,    20.    capitate,    3. 

lustre .    shiniuis,    23. 

q/iroKQ,senc_s  is_.    re d ,    3 .    re d - D  ro'.yn ,    4 .    1  i-^ i ; t   re d  ;  1 S . 

red-oran.;e.    1. 
to'jot^raph,'/.    smooth, 3;    contoured,    1.    0    ,    3. 
optical   cha'racters.;    translucent,    2;    ooaque .    --^l. 
viscosip.v;.    +,    <J.    -,    14. 
_Ge. la-Li;:,  Lt,aD^. 

xorm  or  liquera_ctior!..    saccate,    14;    ini"unaioulii'orin,l; 

stratiforn,    d, 
line   >-;rowtii.      lilixori:!,    4;    no  t-^i'owtii,    1^'. 
suriace  ^rowtii.    pellicle,    7 ;    no  growth ;    15. 
i3roth. 

J2.e  1 1  i c  le .   + ,  7  .    -,16. 

turuiaity/.    slight, non-characteristic ;    2.    accidea,non- 
characteri. tic,    18.    no   turoiaity,    3. 
Potato . 

■torm     rilirorm,15;    noo.O£e,;.-;;    beadea,    2;    echinate,    2, 

spread inrj,    2. 
elevation. flat,    11;    raise",    5;    convex,    5;    capitate,!; 

UEuilijate,    1. 
lustre,    shir.in^:;,    20;   waxy,    2;    iridescent,!. 
chroro,:enesis.    red,    2;    rea -brown,    1;    red-oran„;e,    6. 

li,=jht   red,    13,    orown-red,    1. 
potato   aiSGolored.    -J,    lb;    -,    3;    0,    2. 
Gelatin  colony. 

rorrti.    round,    17.    0,    6. 

ea^-^'e.    entire,    13.    seirated,    6,    erose,    1;    u,    6. 

elevation,    flat,    4;    raise.'.,  11;    unoonaocl;    convex,  1; 

0,    6. 
interval  structure,   grunoce,    16;    0,    7. 
chrQi.Q,;enesis:    red -brown,    :;    li-r.t   red,  9;    rcd-oraASe,2; 

0,6. 
o^^'tical   characters  .tram  lucent.    1;    op'  que,    16;    0,7. 
:^iar  colony. 
Xom.    round, 10;    coi^loweratc  ,4;  rosulate,  1  ;0,  3. 
elevation,    flat,  12;    raise  a,  4;    uinuonate,4;    0,3. 
.eo^^.    entiri,ll;    raised,    4;    lobed,    3;    0,3. 


O     ,5. 
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Bacilliu.    ijroui/U'^s^^^  .    c o n t i nue d  . 
A,-^ar  colony. 

internal   atructurfc-.^rumoi  e,    13;    hoir.oge;-couc ,    4; 
clouded,    3;    3,    3. 
■  ilk. 

coagulated.    +,    20;    -,    3. 

liquefaction.    +,    20.    -,    3. 

reaction,    acid,    19;    al]:aline,    2;    0,    2. 

Bacilluc    inJicus.        Wo.    2.    23   ooservations . 
Aggar  slant. 

foTOi.f  iliforr.,  18;    eclainate,    2;    sp.  eadin.5,3. 
elevation.    riat,ll;    raised, 2;    convex,4;    diffuse, 2; 

capitate, 4. 
lustre,    s?,i>iin{5,18;    dull, 4;    waxy,l. 
chroiaot^xnesis.    red, 11;    reddish, o;    red-orown,l;   gray,l; 

lii-^ht   red, 4;    or^n^e,!. 
topOfsraph,/.    smooth,  14;    oullate,!;    rugose, 6;    cont  ured,2. 
Oj-tical  characoers.    oleai^inoub ,    1;    translucent, 4; 
ceracecixs,    2;    opaque, IG. 
Gelatin  stab. 

fom  of  liquefaction     craterifown,    2;    inxlindiuuliforiii,  10: 

stratiform,    6;    seccate,    3.0,2. 
line   .growth,    f  i  1  if  0 rin ,    7  ;    - ,  1 6  . 
surface     ;rov7th.    pellicle,    16.    -,7, 
Broth. 

pellicle,    -' ,  9 ;    - ,  14 . 

turoidity.    non-ciiaracteriEtic,    19.    none,    4. 
Potato. 

fonn.    filiform,    15;    nodose, 2;    oeaded,    2;    echinr-T:e,2. 

sprea  -ing,2. 
elevation,    flat, 5;    raised, 11;    convex, 5;    capicatel; 

unbonatc,!. 
lustre .      £.hinin,s,15;    aull,3;   waxy,n. 
chrono.^enesis .    brownish,    2;    reddisiuo:    red-oran;-:e,o; 

ren-bro>.vn;    7;    white,!;    oluv,  1;    f;ray,l. 
:>otato   diseoloreu.    4,    16.    -,6.    0,1. 
i.e latin  colony. 

fo.rm.    rouna,9;    ccn^^loinerate,  i.    0,13. 

elevation,    flat,    flat, 2;    raise'j,!;    convex,  5;    capitate,  1- 

0,    14. 
fed^e»    Ciioire,    7;    u,l6. 

internal   structure,    hyaline,.--;;    finely  ,i-ranular,3. 
tijruj.ose,    4;    0,14. 
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chroiiip^senes is .   gray  2;    red   3;    red-dro'vn  2;    li.jht   rcu    2; 

0,    14. 
optical  characters,      opaque    7;    parafiinous    2;    0,14. 
A,;ar   colon;/. 

form,    round   18;    conglomerate   3;    0,    2. 

e_l€vation.    flat   1;    raiced   4;    convex  16;    o, 2. 

ea,s& .    entire   15;    waved   4;    auricilate   2;    ciLiate    1; 

0,1. 
inoernal  structure.    amorpho"^s    5;    ,^ra)iular   7;    t^mmose    5 

clouded   3;    0,... 
Milk. 

coatiuLated     +  lb;    -,3;    0,2. 
lictue  fact  ion.    +18;    -,3;    0,2. 
Xeaction.    acid    18;    alkaline   3  0,2. 

Bacillus    j.antliinus      iio.3.    '^"i   ocbervationc  . 

A^ar  c.  lant,» 

form,    filiform  19;    ecjiinate   3;    0,    1. 

c.levation.    flat,'/;    effuse, 2;    raiseu,    12;    convex,    2; 

lustre,    shijiinrr,    18.    waxy,    5; 

::liroirLQaeuebis  .      lue,8;    purple,  15. 

touOf^raph^. smooth     21;      contoured,    2. 

Oi._tica.l   characters .    nacreous,    3;    opaque,    20. 

YMS193J:^_-    +>    8;    -,15. 
Cic latin  stao . 

liquefaction,    forra-  sao:;atc,    10:    infundioiliforr:  10, 
napiforn,    3; 

.yjie  ^ro^Ltil-    filiforn,    7:    no  growth,    16. 

surface  ^rov/th.      flat,    23. 
Broth. 

pellicle^.    +,    5;    no  pellicle,    18. 

-tuX'iid^ttx.    clears,   up   on  standin,:,    1,    aecided,    22. 

iie-l¥lint^»iion-cj.aracterietic,    23. 
iiotato. 

lOYu,    filiforn.    18;    no  growth,    5. 

e.levatlon.    flar.,    /;    raised    ,    10;    convex,    3;uK..iiicate  ,3, 

lus_tre.    shininiS,    IV;    wnxy,    6. 

chroi-.o.  :c  nee  is  .  n  vc^^n--rf^'  .^ .    i;      red-oran,;c,    2;    blue, 8- 

purplf  ,    12.  "  '  '  . 

potato  djjjcolorea.    -,    15:    no   discoloration,      7. 
Gelatin  c:oT  ony . 

Xonn.    roun    ,    18.      o   colony  ,-rown,    5. 
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ed^c.    entire,    17;    eroce,    1;    0,    5. 

elevation,,    ilat,    1;    convex,    2;    umDilic3.te,  15,    0,5. 

iijtc rnal  structure  .hoiaogencous ,    4;    granular,    2; 
f^ruiTiosc,    12;    0,5. 

chroir:0.--eneBis.    yellow,    2;    d1'.i-  ,    3;    oluis:..,13;    0,    5. 

Ofjtico.l  ciiaractera.    ouaque,    li;    0,    12. 
Agar  colony. 

forin.    round,    21;    0,2. 

elevation. flat,  3;  effuse,  6;    raised,  12;  convex, 3 
o,  2. 

e jge .  entire,  21;  0,  2. 

i nt e rnal  l t rue tu re  .  hoinogeneoi'-S,4;  granular,  :;;  ri'umot;e,i2 
0,  5. 
.'ill:. 

^o^gulaueu .  14;  -,  9. 

liquefaction.    +,    7;    -,    15. 

ireacLion.    acid,    21;    a.lkaline,    2. 

Sarcina   lutea.  Jlo.    4:    23   ooservationt. . 

Agar  slant,    flilforn   15;    nodose,    6 ; -e^dca,  1  ;bpre'ii.iing,  1 . 

e leva L. ion,    raiu^ed,    13;    :;onv€x,    10; 

lustre. chining,    23. 

skroiaogcnesie  .    yellow,    3;    yellowish,    4;    yellow-oi  own,  15 
0 range 1. 

topography,    sinooth,    23. 

ozti.'--.-^   a}.ara:-ters .    seoaceo'is,    3;    Dutyroiis,2;    oorique,18. 

viscosity,    -' ,    3 ;    - ,    2*- . 
Gelatin  stau . 

liquefaction,    saccate,    2;    no    licj.ief action.  21. 

line  growth     fiiiforin,    16;    oe3aed,3;    echinate,!; villous    3. 

surface  ^-ro  'th.    flat,    3;    effu^^e,    4;    convex, 2;   umoil- 
icate,    5-   no  gro'vtii,    6. 
Broth. 

pellicle,    no   pc-iicle,    23. 

turbicity,    clears   up   on  standin,-^,    10:    non-cnaiactcr- 
istic,    11.    no  turoiaity,    2, 

L_ejimGnt.    17.    no   seair.cnt,    6. 
?otato. 

form. fiiifori.'i,  16;  oeaaed,  3;  0,  4. 

elevation,  flat,  5;  raised,  5;  convex,  9;  0,  4. 

lustre,  shining,  15;  waxy,  4;  0,  4. 

Ghror.-.;enesib.    oro'vnish,    4;    purple,    1;    ,/ellov,    5;    yel- 
lowish,   4;    yello-v-bi  O'vn,    5;    0,    4. 

potato   discolored .    none . 


$t««r;o-J 
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Ge latin  colony. 

f 0 rri .  r  una,  lo   u,  10. 

elevation.  raibcci,ll;  convex,  :;;  O,  10. 

cdf^e,  entire,  lo;    0,  Lo. 

internal   s t ni c t u i  e .    homo^-jCufcoub  ,    lu;    ^ranuiar,    2;0,11. 

chronOf^enesis  .    o ran,-^e ,    1 ;    o ran^ge - d r o^'/n ,    v ;    y ell ow ,  ?. ; 

yellowish,    1;    u,10. 
oj-Qical   Ciiar-icter& .    ooaque,    lu.    0,11. 
;v^;:.r   ^-olony.    r  oind  ,    22 ; ,  0. 1 . 

elevation,    flat,    3;    raised,    9;    convex,    2;   uni  ^liccLte,a 

0,    6. 
edf^e  .entire  ,  :-i2  ;    0,1. 
internal   etructure.    hoir.o,;e neons,    14;    ;;^ranular,b;    0,1. 

coa,-;ulaLed .    3.    no   coa^^ulation,    17. 

liquefaction,      ne-^jative,    2'6. 

reaction,    aciu,    S;    alkaline,    13;    no   culture,!. 

Bacillub    rosaeeoub  metalloiaee.      no. 5,    22  ooser- 
VcitionB  . 
A.jai    Llant, 

fonu.  f  i  •  ifo rin .    19;    e ciiinat e  ,  3  . 

elevation,  flat,    6;    effuse,  1;    raie-ed,4;    convex, 4;   um- 
Don::te,    7. 

lustre. s hi nint5,    19;   waxy,    3. 

chror.-io,-enesiG.    reddish,    1;    orange,  13;    li.,ht   oran,^^e,8. 

optical   Ci^aracterb,    nleat-inous,    4;    outyroiu'  ,3:  ojaque,  li5. 

t    .,o,;rapj.,y.    &i:iOoth,17;    punctate ,  3 ;  contoured ,  2 . 

viscosity.    -",5;    -,17. 
Cel^^-il,  staij . 

liquefaction,  f  om.  c  rat  eriforn,  5 ;  stratiform,  1 ;  0, 16 . 

line_  jrowth.    filiforra,    17;    echinace,    5. 

ourrace,    flat,    16.    no  ^^rowth, 5. 

pellicle.      +,5.    -,1&. 
turoidity     non-characteristic.    -,2. 
seaiment.      non-characteristic,    15.    none, 6. 
ue latin  colony. 

ijom.      rovr.d,12;    no    colony,  10. 

€_lcvatioii.    raited, 8;    convex, 4;    0,lu. 

^^^e-    entile,    12;    o,10. 

--Eternal  ^tructuvx  .    homogeneous  ,  1 ;  -ranular,    4 ;  -runoe  c  i  • 

fsyrose,    16;    0,10. 
chroFo^enesis.    orPnGC,9;    orange -bron'n, 3.    0,10. 
°£:y^°Ll  PiigJ-.-fGtcjr^.    c utyrouE  ,  2  ;    opaque  ,  7  ;    0 ,  L 3 . 


.VI 
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A/=^ar  color;;/. 

ioiTTi.    round,    2.y.. 

elevation.    flat,f5;    raised,?.;    convc:r,l:^;   -auibilicatc  , a. 

cci,se .    entire, :!2. 

inte rnal   s t. rue tu re . \\o" o  -e ne ous  , 2 ;    .granular,!?.;    r;i-umose   4; 
gyro£e,3;    0,1. 
.viilk. 


coa^:ulat  ion.  +,  :i .    -,:'.2. 
liqi-icrs-ct.iori-    + ,  o ;    -  ■,  1    . 
reaction.    acia,lu.    alkaline, 6. 


5ae i  1  lufe    cyancua  .      IIo.^.    22  ODbervaLiont . 
i\,..ar  slant. 

f 0 rji . r i  1  i I'o nn ,  1 .- ;    nodoee,4;    eCiiinate,o. 

£  le  vat  ion .  i  iat ,  1 ;    raised,  1.1;    convex,  10. 

lUKtrc  .    &i:in.ixio»  '^^>  ii-idebcent,  2. 

Chromo^e/  o£ la  .yellowish,    1,    yellow-red,?;    .jrecn-yello- 
10,    Dlue,2;   greenish, 2. 

optical   cLaract^er^  .n  creo^is,    \\    ODaque,  ,•-;!. 

to  ■■Oisr--Pl\7.    i^ITir;  otii,  :t2 . 

viEGosity.    nCf^ativr,    22. 
Gel:! tin   btap. 

f-rra  ox'   liqueT  ct:ion.    ci-::tcrirorr.,21;    0,1. 

1  i n (    cs rowtli . fl  L :  x o nn , 8 ;    Dfcadca,9;    0,3.ec!iinaoe,  2. 

i^urrace    f;ro;^th.  flat ,  4 ;    no    ^ro'.Tth ,  18 . 
Broth. 

pellicle, 1,    no   pellicle, 21. 

turuiuity  .non-Cj.aracterictlc,     •2. 

seui.  c:it,non-Gharacterii..tic,    :..2. 
Potato. 

fona.r  i  liforr.,14;    nO'iose,  l;ec-.inate,2;    f.  jrer.aing,l. 
no  .si'owth,    4. 

elevation.    ilat,l;    raibca,:-^;    convex, 12;    cr;-jitate,;5; 
no  gro^T:h,4. 

lustre,    sh  nin^i,?;    duil,;5;   wax:  ,8. 

chror:o  :enesis.    ye  How,  2;    li^ht  yellow,  1;   ycllow-broT7n 
2;   j-;i-een-reci,4;   jreen-oran^ie,  7;    purple, 2. 
no  .-^rovTth,    4. 

potato   QiscoLored .    +,    18.    no  ,'irov/t,h,4. 
Gelatin   colony, 

I'orrn. round,    21;    no   colony,    1. 


.1,.  n.:' 


-199- 

eleva-GJon.  ^lat,  1;  conv€:-c,8;  0,11. 

edj^e,  entire,  11;  o,ll. 

ir.tc rn:il   c.  trucmre  .  ,rar:.u lar,    b;    0,14. 

ch'rOi:.Qj;efiebis  .      rea-ycilOTv,  2  ;    ,yellO'.';ifc;ii,4;    ^   e&ai-^iif'6; 

tjre  c n-Ci ro-7n , ;-; ;    0,11. 
optical   charactcrfc.    opaque, 11;    0,11. 
kr^ar  colon,/  .    -orn;  round ,    :i  1 ;    0,1. 
elevation,    flat,    21. 

ea^e.    entire,    1;    looea,    >;;    ciiiate.2;   sc  rrateo,  l«j; 
internal  structure  .granular, 9;   ,i-rumosc,u;^yro&e,  1. 


coa<.sUlatea.    +,  12 ;    0,10. 
liuueraction.4-,  n ;    0,il. 
reaction,    acid, 16;    alkaline, 6. 

BacillUG    coli.    0.7.    34  o bs ervat i ons . 
A^:ar  slant. 

i'oriTi.    filirorjTi,    4;    echinate,^;    villoufc,  10,aru'-re£cejitl' 

elevation.    i'lat,13.    ei"i'  te  ,1  ;rai£ed,8;-.iirioilicate, 5 
uiTiDOnate  ,2. 

lUL  tre  .  shj  nin,-^,  :-r4 ;    aull,4;   waxy, 6. 

^liroi!.Ofi;ei^e£.  is.  white ,  1  ;gr-;.y,  24 ;  brovm,  7  ;  ye  ll'-'Tish,  2. 

t-  jOj^raoixr  .smooth,  26 :    ru^jose  ,1 ; contoured,  7. 

0:jt3cal   ch^  rac  t.e  rs  .  o  oa '  ^  s  c  r  nt ,  20 :    opaquc,14. 

viscosity. +,22.    -,12. 
Gelatin  btab. 

liquefaction,  nee^at  ive ,  34 . 

1  ine   r;roi7th . f i  1  i f o it;. . 7 :    nodose,  1;    bead£o,3;    echnate,3. 

s  ur  rac  e  ^l  rov:  th .  f  I  at ,  21 :    raioed,4;    convex,  4;    effuse,!. 
6preauin,^:,l,    0,3. 
Brotji. 

pellicle.+,3:    0,31. 

turoiair,y.  non-characte r ^  t.  tic , de  j ided .  34. 

^euiir.ent.non-characteri:  ti  .-^.^    34. 
Potato. 

forr^. filiform, 26;    nodose, 2;    echinate,4;    villous, 1; 

spreaain^,!. 
eievation.nat,2;    raiseclS;    convex,  15;    lanuonate.l. 
lustre,.. -ray, 2;    Drovm,13;    bro'm-reu,  7  ;    yeiiowi^h,2; 

ye  llow-bro"'n,    10. 
potato   u  is  c  0 1  o  re  u  .    -;,  o:..    -,2. 
Gelatin  colony. 

for_.  round,  3;- ;    amoeboid,  i  ;0, 1 . 


3M<»  •  ^J|Wit#«dO 
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cci;^e.ex-itirc,22;    waved,?;    £;&rrateci,4;0, 1. 

internal  structure  .homo.  ;eneous,ll ;    granular, 14;    ^;m- 

nose,^;    cloudea,l;    -.yroee,l;    0,1. 
chroino. -enes is  .-A^hite , 5 ;   gray, 22;    bro'.?n,2;    yellow, 2. 

bluish,  2;    t',1. 
QpLJcal   characterc  .opalescent,  lb;    jiacreout ,  2;    trans- 

lvicenr-,,2;    op   que, 5;    ceraceou.  , l;parafrinoue,2 

0,4. 
A^ar  colony. 

forn.    rount,    34. 

g  levation.  I'lat,  15 ;    raifc.ea,5;    convex,  10;    umDilicate  ,3. 
ecij^e .    entire,'!;    '•avecl,9;    auricuLate,l ;    eroi^(  ,3    . 
internal  e  trueturc  .rxOir.op;cn€om-^ ,  2 ;    .'-ranulat ,  IC ;    ,--rar;- 

ozey    lo;   £;:/ro£e,3. 
Ivulk. 

coa;;ulat,ea.  -  ,  54 . 
liquefaction.-, 13.  -,21. 
react; on.  acid,  34. 

Bacillus    typhocns.    iio.b.    3^  ooservatione . 
i^ar  slant. 

form,  f  11  if  on.':,    19;    £chinate,lu;    villous, 5. 

elevation. flat, 20:    effuse,!;    i aised, il;convex,2; 

l^'-stre.    shining, 31;    dull,  3. 

c  ■roino,/;enesis.    white, 4;    aray,24;    brown, 5;   y.  llov/,1. 

t o p o  ; r aph^/ .  s mo o t h ,  34 . 

oj)ticcj^  cjx_racterb_.    trans  jare   t,2;    ,-ra.v,l;    opalescent   27 

opaqU'  ,3;    nacreous,!. 
visGOi^it;^.    - , 34 . 
Gelatin  Ltau . 

jj^ue  fact  ion.    ne,.^at  i  ve ,  34 . 

LiSe   ci?loz.'yi-filii"orm,30;    nodose,!;    bead&a,l;    -^illos,!; 

plumote,l. 
suju^ace   -rqjvth.riat,.';    effuse,!;    raised,!  ;  convex,  3. 
no  >3rowth,20. 
Broth. 

joellicle.   +,!.    0,33. 
-turjiiort^/.  non-characteristic,  34. 
-Lea_iinent, non-characteristic .    34. 
Potato. 

fone,.riiiiorin,30;    echinate,3;    spreading';,!. 
_e.levation.flat,9;    raise^MO;    convex,  12;'  cap;  pate, 2- 
^      ^  ,  .unoiliQate.l,    _  ,  "* 

lustre. snininf=;. 28;    dull, 2;   waxy, 4; 


'T3aCC    .i 
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c h r ono, .^e r e s ±_s_. gray ,  3 ;    uromi,  ;io ;    oro  /n-reo ,  2 ; yeilon'ith,  2 

ye  ll0''.i;,4. 
jjp_tato  .ai§c.olorca.,    ;-3.    not  discolorcu,  il. 
Gelatin  colony. 

rprn.roun  1,21 ;    no   colon;/,    1'6. 

c,lcj/ation.i'lat,f^;    convex,  16;    0,1:5. 

ed>^&. entire, 21;    0,lo. 

internal   c:jy;3icturr_,horfio.se neons,    5;    fa;ram-lai-,    13;    t^ru- 

mose    2;    0,13. 
ci^i:oji-.aLiie.s.is_-'^^'ni-e>    1;    (iray,14;    "Dro',^nith,l ;    yeli elv- 
ish, 2;    oluish,3;    0,13. 
optical   Gj\aractcrb  transpat  ent ,  1 ;    translucent,?;    par- 
afrinous,    i;    Oyalesccno, 12;    0,1:. 
A^ar  colony- 

fonn.    rouna,    34. 

elev  -tzQu.flat,    b;    raisea,    1;    convex, 25; 
£;a,-;.. .    entire,    ;-;8;    looed,    2;    auriculate,  1 ;    '7aveci,3. 
internal  s tructur^  .homo,:^e ne ous ,    8;   granular,  18.    areo- 
late,l;    .^runose,  7 . 
i^ilk. 

coa;;ulateu,    ne ^^at i ve , 3 4 . 
liquefaction,    ne.^at  ive  ,'■54. 

reactio]'.    acid,  16;    alkaline, 6;    ai^photeric,  terr.iinal   ai- 
kalin  ty,    12. 

.'ici-ococcuc   alDus.    W-j.    9,    33   observations. 
A,  ;ar  s  lant^ . 

forin.rilix'orri,    25;    Deacied,4;    eciiinate,2;    acicular.2. 
e Ic  -at ion . f  1  '^ t ♦  8 ;    raised,    16;    convex,6;uRoilicate,2; 

uj!iDona:e,l . 
lu:>tr^  .        sMnin{5,20;    dull, a; wax:/-, 5. 

o.hro  iO,-;ene£ is  .white ,  12;    r^ra.'^ia;    Dro^vni5;}i,2;    oran-^er 

yellow, 1. 
tO!jO,;rap:y. smooth, 32.  p  pillate,l. 
o  pt  i  cal  chT-.rac  te  rs  .  trans  lucent ,  3 :  op  le£cent,6;  opaq'..e22 

nacreous,  1;  oleai^;inou£  ,1. 
vis  cos  ity.nej^ative ,  33 . 
Gelatin  stao. 

JJ:^u£.ij^ctipn^i;onn. crate ri Tori.,  3;  saccate,  10;  ne  ativc,20. 
line  .-sro  Tth.rimori.:,17;  eckinate  ,  1  ;0,  In. 
eurl'aca  e:ro'/th.  ^lat ,  4 ;  nc. -ativc  ,iiG  . 
Broth. 

pellicle  .-r,3.  0,30. 


ivrrtyr 
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turoidityclcars  up   o)i  btandiii;;,    3;    vo   turoidity.    o^. 

seainc  nt  .non-char-icterifctic  .    53  . 
Potato. 

xom.iilirorn,    2'.;    Qeaacd,3;    ec'ninate,  1 ; 

elevation.  ria~,,  3;    efi'ute,^;    rai£:;ed,9;    coiivex,  o;    cap- 
itate,   rr^;   umbonate,:^,. 

/u£_tr£.tihinin^,    24;    dull,  5;   wax:/-,  5. 

c_iironOt-cn££ is  ♦white ,  11 ;   aray,15;    bro'^niLh,2;    Dro'.yn,l; 
bro'vn-yellow,  1 ;    yellOTish, 2 ;    yello'.v-torO"rrL,  2 

potato   discoloreo. .      -f,9;    -,;'4. 
Ge  Iat.in  colon/. 

fom.ronna,17  ;    0,lo.         • 

£  le  vat  ion .  flat ,  6 ;    raised, 5;    convex, 3;    capitate, ii; 
uinbilicate,l;    0,16. 

edf-e.    entire, 16;    ciliate,l;   0,1j. 

internal  structure,   sranulai-,8;   .-^i-uuoee,  o ;    oyi"oec,3. 

ohromo,:e  ne  g  is  .  wM  te ,  5 ;    gray,?;    reddieh,  1;    0,16. 

optical   characLer:^  .translucent,    4;    o:.-aleccent,3;    opa- 
que   10;    0,16. 
Ajgar  colony.l'orr...  round ,  26  ;    0,7. 

elevaT,ioa.xlat,2:    raised,  9;    convex,  10;    capitaLe,!; 
uiriDilicate,2;    0,7. 

edt-;e  .entire  ,    25;    u,8. 

into rnal  structure  . homo  -xneoue .    1;    granular,  15;    gru- 
r'iote,7;    clouded, 2;    0,7. 
I'ilk. 

coa/^ulated.    +,14:    0,19. 

liqueiuction.    negative, 33. 

reaction,    acid,    27;    no   change,    6. 

Jici'ococcu^    (streptococcus)    pyogenes .    No.    10. 
i/5   Observations . 
Agar  t lant . 


ion::. riliforru    9;    noaose,    5;    Deadc    ,14.    aciclar,4- 
spreaaing,    3. 

elevacion.riat,lb;    erruGe,4;    raised, 8;   uinbonate,l3. 

ili&tre.    ..hining,    20;    dull,    il;      ^vax.;,    2. 

G}-ro::C;,enesi^.'yhite,    3;    ; ray, 29;    bro^yx-.ish,  1 

t opo^rspiiy . smooth .    21;    papillate, 3;    rugose,  1. 

ootical  characters. transTjar.  ^t..  5;  vitreous, 1;  parafe 
finous,  3;  translucent, 16 ;  opaque, 5;  o.alcs- 
cent,l;    seuaceous,l;    butyrous,!. 

viscosity,    negative,    33. 


,3JSJltfiO    ;0i«X4V. 


,f,     'Aii 


-203- 

Gclatin   £t,au. 

liciucraetion.    '6'6  negative. 
liae  t^ro^yth. f ilirorn, 26  ;    ucaclea,3;    0,4. 
JL^iT/ace  e;r(rvr.h. flat,  1 ;    0,:52. 
Brotii. 

pellicle  .    none ,  '.'> i . 

ti'.roiUity .    clears-    up  on  Btanclin<-,1G ,    iior-e,17, 
sea iment .non-characteristic,    oO;    none, 3. 
Potato. 

r o ria ,  r i  1  i j 0 rig ,  1 ;    no  rfrov7th,32. 
elevation.    flat,l;    0,32. 
_lubtre_.shinin.^,l;    0,32. 
Oiiro:  -Oj^enesiE  .    T7iiite,l;    0,    32. 
potato  discolored, 1;   0,3;j. 
Gelatin   colony. 

ro  vr. .  round ,  22 ;    0,11. 

€  levat ion . I'lat, 5 ;    raisea,    3;    convex,  6;    capitate,  1; 

im"Dilic'^te,2;    0,11. 
ed,-e. entire,  19:   vraveel,    1;    loDed,2;   0,11. 
internal  ^^tructiire. homo/;ene out ,  1 ;   granu lar,  15 ;    alveolate  .  1 

gruiTios£,5;    0,11. 
chroF.o,senesis.  ^iii te ,  1 ;   gray,  14 ;    oro'^nish,  2 ;    rea -b rov/n ,  2 ; 

yellosl;    oran^je,!;    0,11. 
oy^^^^l   c:::xracterG.  t  r  ans  p  a  re  nt ,  1 ;    t  ranL  lu  c  on  t ,  6 ; 

opalebcent,!;    Dutyrous, 12;    0,11. 
Ae^ar  coj^ony . 
roun.  round,    33. 
eJx;v:^E2xion.riat,13;    raised, d;    convex,  9;   unioilicate  ,  2: 

e^dtsC .    entire,  33. 
^       internr.l   btriTcture  .homo.-eBemiR .  •:>. ;    ,5ranul£r,14;   ,-riimo   e    le>. 

cpa-ulated,  1 ,    no  c  o  a,--  a  at  i  on ,  3  ,•-' . 
liquefac-ion. neg- t ive , 33 , 
react_ioi^.a.iid,32.    no   chan^-e,!. 

.licroGoccus    £yi..o,^eneL,.    ijo.ll.    34  ooservations . 
A.-';ar  slant. 

i;orn.fiiiforK.,2o;    villoufc,9. 

clcva-.ion.ilat,29;    efxuse  ,3;raiKed,l ;    uir.l  onate,!  • 

Austre.    £Mnint;,22;    dull,b;    X7axy,4. 


_Cjir0K0,<c  nes  is  .  W,-  i  t.r- ,  H  ;     ^,j,ay,;^y;     b 


;    Droi"nif:h,  2. 
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topo,;ra"jli:/.    smooth,  30 ;    alveolate ,  :-^ ;    v\-\:ozc  ,  2 . 

opt ic al   charac te rs . 1 1 ansparcnt ,11;   ^itreous,l;      tranc- 

Uicent,10;    parai'fino'is  ,4;    ooalescent,  S  : 

nacre one ,1;    opaque, 1. oleaginous , 1. 
Gelatin  stap. 

li que  Taction,  carteriform,  5 ;    t  acoat.c ,  .5 ;    infuridiouliiorri, ; 

negative,  :^-4. 
1  ine   F;ro^t-.ri  1  if  o rn , P.'d  ;    no'OS£,l-,    oeaoiea,10. 
surface   growth,  flat,  b ;   uir.Dorate ,  1 ;      0, 25 . 
2 roth. 

oelliclc  .  nCf^ative , 34 . 

Luroiuity.    clears   uu   on  stand  in,-,  10;    noncharacteristic, 

16;    0,8. 
sediment.      non-charaGteri£tic,.>i  . 
Potato. 

form.    rilifori:i,18;    no'ose,!;    Dcaaea,10;    echiRate,2; 

spreading, 3. 
elevation. flat, 6 ;  raised ,  l-j;    convex, 4;    capitate,  o. 
lustre  . c Iiinin-s,  11 ;    ciull,2o;   Tvax;7,3. 
chrorio  ;c .aes is  . wlxit e ,11;   gray, 18;    ■Dro"mish,5. 
potato   disc olorea .    +,1S;    -,xl. 
Gelatin  colony . 
form. round, 24; 

elevat 1  on. flat, 18;    raise. i, 3;    convex, G;    umoilicate6,0, 1. 
euge.    entire, 31;    lo^-eu,  1  ;se7rated,l;auriculate,  1. 
internsl  structure  .homo,^-encoub ,  7  ;    granular,  16;    gioxm- 

osc,10;   marmorateu,!. 
chromogenesis  .    \7jiite,8;    ,3ray,lo;    orovmish,  6  ;  orcm,  1; 

yellowish, 1; bluish, n. 
Owtical   characters,  trans  uarenc,  2;    trara>  lucent,  •-!;    par- 

affinous,    1;    opalescent, 4;    nacreov.s,4; 

opaque ,22. 
A.;ar   colony. 

form.  rou}'a,34. 

elevation. flat, 12 ;  raised, 3;  convex, 17;  umnilicate, 1. 
i^5e_^  entire, 3u;  "'aved,l;  looed,!;  serrated, l.ciliate,  1 
intern -g  structure.  i:omogc neo"  s , 4 ;  granul - r ,  u ;  ,ru- 
Mill:.        mo  s  6,  21. 

coagulation. positive. 3  .  ne  ;ative,2. 
l.iquef SGtiori.-ooe i t ive , 3 :; ;  negative , 2 . 
reaction,  acid, 34. 


i    ;0I,; 


^•iidi 


-205- 
Micrococcus   aureub.      Ho.    12.    34  obser '■ations . 
Agar  slant. 

form ■  rilirom, 22 ;    ueauea,6;    echiiiatc,6; 
clcva".ion.riat,lb;    raised,  12;    convex, 2;    mriDilicauC,!. 
lustre  .ghin  i  n^;  >  34 . 
chroihOAenet  ib  .gray ,  15 ;    uro'/nishjl ;    oraneie,o;    li^i^t 

oran-^e,i};    yellowish, 4. 
to  ..'Ot^raphy ;  smooth,  34 . 
optical   characters,   tran^-luc:  nt,D;    opauuc  ,21-,£ebaceous, 

1;    outyroub,    1;    opaque,    24. 
Gelat,in  --tab. 

xon.i  liquciactior.crateriforin,  7  ;    saccate,  1:  ;    iiuun- 

diDuliiorm,    2;    nayiion.:,    1;    str:tiroir:i,  >.  ;0, 7. 
line  tgrowth. filiform,  22;    0,1;  . 
surface  .^-rowth. flat,  1     no  f;rowth,33. 
BroUi. 

pellicle .    no   peliiclc,34. 

tviroiuity. clears   up  on  stanoiin,^,    1;    non-charp-cteristicj, 

31;    no  turoidity,    2. 
sediiiient..    non-characterist,ic;,    32;    no   Gediir:ent,2. 
--'otato. 

±_orn. filiform, 25;    nodose,    1;    deaden,    2;    echirr:te,4;0,l. 
e  levat  ion  .flat ,  4 ;    raised,    15;    convex, 'j;    c?oitatc,3; 

ujiiDonate,    1;    u,l. 
lust  re.  shining  23;    dull,    C  ;    wax:/,  1;  0,1. 
chromot^ejiesis  .  orownish, .-, ;    or'in;=;e,2;    oran,^e-bro''7n,l3; 

red-bro^v■n,    4;    light   orange,    3;    yelloTish,'^; 

yelloiT-bro-rn,    1;    orange-yellow,  1 ;    0,1. 
.iOtato   discolorca;    +,17;    0,17. 
(It  lacin  colony. 

fojiu .  round ,  30 ;    no   ^rowt]i ,  4 . 

elevation. flat.  11:    raised;    16;    convex, 7;    capit--tc,3; 

vunoonate,    1;    0,1. 
lustre. shinin,;, 25;    dull, 9;   waxy, 4;    0,1. 
^^:o&Q^eiics_i&_. brownish, 2;    orange, 2;    yeliowis]i, 9; 

orange-bro'n,l3;    rea-brown,    4;    light  orange 

3;   yellow-bro-m,    1;    orange-yellow,    1;    0,1. 
Agar   colon/. 

iloru.  rouna,34. 

elevation. flat, 9;    convex,    23;    ca;oitate,l;    uinMilicate,l. 

ed^e. entire,    32;   waved, 2. 


-5.~Tr'.'(5-m^-: 
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coagulated,    2;i;    not  co  ^z'^il^tedy    I2. 
liquefaction.    4-,  13:    -,21. 
reaction.    a:3  i  d ,  3  2 ;    no   c h an ^^ e ,  2 . 

Bacillus^  buiucstifer,    lie.    15;    34  ooscrvationu . 
v^ar  slant. 

f 0 rm . i'il ii'o rin,  18 ;    eciiinate,  10;    villous, 5;    spread in^i,  1, 

£ levation . flat, 24 ;    effiise,l;    r-ii£:cd,o;    convex, 3;um- 
Donate,!; 

lustre .1  hinin, :, 28 ;    aull,5;    -Tax;/,!. 

chi'Qi;:0j;encsi£  .white, 3  ;    r;ray,    2j;bro7n,l;    br-wnish,  1. 

1 0; j 0^ r a pli^^ > s mo o th ,  33  ;    contourea,  1 . 

Qijti  •  :il   cliaa-ac ters . trans  parent , 2 ;    trano lucent, 4;    opal- 
escent,   27;    opaque, 1. 

viscosity.  4,2;  0,3. 
Gelatin  s tap . 

liquefaction.  ne,^a  cive ,  3-.- . 

line  f^ro'Jtji.  f  i  1  i  f  o  rm ,  3  3 ;  be  ad  -;  a ,  1 . 

surface  .growth .  f  1  at , 30 ;  0,4. 
Broth. 

pellicle,  4-,2!  negative, 3:-.. 

turpidity.  non-chai-actcristic, 34. 

seaiment,  non-characterittic,  30;  none, 4. 
Potato. 

Xorn. filiform,  30;  echinate,4. 

iJ:C_vatiou.flat,5;  convex,  lo;  raiseu,ll;  capitate, 2; 
effuse,!. 

lustre,  shining, 24;  dull, 4;  wax;/, 6. 

2ii'Conq,iG;2.€s_is_.^ray,4;  oror/n,  17;  yello^'/ish,  13. 

iLQ-tato   J  is  colored.   +,3:;.    0,2. 
Gelatin  colony. 

foiin.    round, 24.    no  growth,  10. 

ele.vat.;_on.flat,f:;    raisea,2;    convex,  13;    0,10. 

eo^e.    entire, 22;    lobed,l; .cillate, 1;   0,lo. 

iilL_ern£l  structure,   g  ran  u  1  ar ,  1 8;  homoge   e  ous  ,  6 ;   0,10. 

chro_mp,i2resis  .gray,  15 ;    b rem, 3 ;    orange ,  1 ; ye  1  lev, 4 ; 
olue,    1;    0,10. 

o.utical   characr^rs, transparent , 2 ;    paraf f inout  , 4 ; 

opalescent,    10;    nacreous,!;    opaque, 6;    0,10. 
A^ar   colny. 

410111.  rouno, 32;    aiaoeboiu,!  ;0, 1. 
eievaci^on..lat,ll;    raised,:-;;    convex,    0;    o,l. 
eo^ie.    entire, 29;   vaved,2;  ;  lobeu,  1 ;    filiate,!;    0,1. 


;g.a^BJiv»*to 


,fti».idU.»Oi 


oniilan 


-207- 
Milk. 

coagulated.  4,2;  0,32. 

li  que  Tact  ion.  ne;s-tive ,  34 . 

leaetion.    acid;    9;   alkaline,!;    teri.iinal   alkalinity, 24. 

Baciiras    alGal:,^£  neb .    lio.    14;    33   ODsei-vations . 
A^ar  sla: 


rovia.filii'om,d;      eciiinate,14;   vi  llo;.c  ,5;    >;lu.inose,2; 

spreading;,  4. 
elevation,    flat, 18;    eiTu£e,3;    raibC-'.,8;    uir.bonate,8. 
lustre. shiiiinp, 2b;   dull, 3;   waxy, 2. 

ckroL'.Ot^e  j  :eb  is  .  -yjii  te ,  3  ;    gray, 2.;    bro-.7n,2;    yellon'icii,2. 
topOjgrapii;/.    sr. '0tii,2.y ;    contoured, 4. 
optical   G.:aractcrG  .trails lucent,, 2o;    transparent, 4; 

Opaque, 4; 
Celaoin   stau . 

liqueiaction . nej^ative,.  33, 

line    :^rowth.  x'ilif  oi'ia,  33 . 

E.irl'ace  e^ror/tn. flatylG:  erru.se,:--.;  convex, o;  capitate, 

4;  0,5. 
_Bro_ch.. 

pfcl licle.   +,4:    no  pellicle, 29. 
turbiJ.iT.y.    sliejht,2;    decided, 31. 
s €■  d iiae nt_,    non-charactrrictic.    33. 
Gelatin   colon/. 

f o_na .  round ,  3 1 ;    rosulate ,    1 ;  0 , 1 . 
e.le;/ation.flat,15;    convex, i^;    'imoilicatt ,  1  ;0, 1. 
eu,-£  .entire, 25  ■    lobed,4;    serratca,l;    erose,!;    0,1. 
internal  structure.hoir.o.^-e  'eous  ,  13 ;   granular,  12 ;    hyal- 

inej^.l.    arcolatcl    ^rumose,    5;    0,1. 
c.hromq^eneb_is.  .;ray,13.    Drownish,8;    yellowiir;h,S;    0,1. 
optical   crx^rac  tc  rb  .  trans  lucent .  8 ;    opales3ent,  13 ; 

ceraceoub,!;    opaque, 8;    0,3. 
l^otato . 

fonn.i-ilifonn.29.  echinate,4; 

-&lexatioil.flat,2;  raised,  10;  convex,  18;  c  .Di tate,3; 

lustre.sr.inin.r.33. 

ci;ror:o,.-cnesis  ..^ray,  1 ;    nrov/nicii,  lb;    readisL,2;    orant^e 

>. ;  yellow,  10. 
potaot  ulscolored.  +,31; 0,2. 
^r^^-'-r  colony. 

fom.rouna,31;  fut.ii-orm,2. 

elevatip_n.  flat, 6;  convex, 25;  unuilicate,  1. 

ea,^. entire, 25;   wavea,5;  l0Ded,2;  serrated, 2;  erose,l. 
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intrrnal  stnicturfc .    iiomojiencou'^,  .2;    f-;ranular,ri3;    areo- 
late,    2;    ^^riuiiose,    6;   moruloid,    1. 

coaf^ulated,    ne^jativCjiSo. 

liqu^  I':  c  Li  on .  negative ,  33 . 

reaction. alkaline, 52;  ten.iinal  allcalinity,!. 

Bacillus  dysenteriac, ,  (Gliiga)  Jio.lo;  34  occervat,ions  . 

forin.  filiiorr.,  17;  echinatc,  j;    villouc,o;  plumose,!; 
spreauingjl. 

eleyaLion. flat, 20 ;  eir'is£,2;  raised,  5;  convex,5. 
ura"Dilic8te,l. 

_lu^jtre..&ixining,3l;  waxy,:-];. 

chroino^enesis  . gray,    2 7  ;      whi  t e ,  2 ;    o rowiish,  5 . 

topo^raphy»siu00oh,34  . 

Q-ijtical   charactero  .transioarcnt,  1 ;  trant  luG£n"C,3;ooalcs- 
cent,    30. 
Gelatin   fctab. 

JJjjuefactoon .  negat  ive ,  34 . 

line   t^ro\7th.rilii'om,5:^;    beaded,    1;    pliunose,!. 

surface  j^ro^rtii. flat,28;  r:iisea,3;convex3. 
Broth. 

pellialc.no  pellicle, 34. 

t u r D i (i i t y . s  1  i,-}it ,17:  decided,  17. 

aedic;ent.non-cjaaracterlstic.34. 
Potato . 

rom.rilirorT.u    28;    echinate,    5;    spreading,!, 
elevation. raise.. 16;    convex,13;    capitate, 5. 
lustre. shin ins,    2u;    dull, 5;   wax   ,3. 

chroino,^£nesis_.eray,    5;    urownish,    10;    d1    ish,l;    yello /,  lo. 
potaT.0   discolored.    +,18:    -,    16. 
Gelatin   colony. 

forn.  round.    -iO;    no  growth,  14. 
elevation. flat, 7;    raised, 5;    convex, 8;    0,14. 
lustre.shi-in^.    18;    dull, 2;    0,14. 

intcinal  structure. homoder eouL ,    7  ;    grax.  ilar,  12 ;     -run- 
ose,    1;    0,14. 

c.ironOi^enc^iJ^.-.rhite.l;    gray, 16;    yellowi;:h,3;    C,i4. 
A  ,-r   COlOjiy. 

ron^.  round,3:5;    fisifom,!. 

clevaiiori.    riat,    13;    effuse, 2;    raisea,3;    convex,16. 

ed^.entiro,    2<J;   waved,    2;    serrated,!;    erosc,  l;ciliatc  ,  1 . 

iilternal  structurx .  granular,!..,;    -nur:0.e,]4 
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i'ilk. 

coar;'"-lated  ,ne;_;ctivi' ,  :54. 

licr/.err  .^-tion.    nc,  native,    34. 

re  act,  ion.    acia,14;    alkaline,!,    terninal   alkalinity,  19. 

3ac i  1  lu£:    dys e nt c r i ac ,  ( Har r i r; )    iJo.    16;  34   obLctvationt . 
A,-;ar  ^  lant. 

f c nn « :.•  i  1  i f o rn , 2;-: ; e chinat e , 9 ;   villouE,2;    pluir;ose,l. 

cle  vat  ion .  flat ,  36 .    efiuse,?-;    raided,?,. 

lvictre.£hixiintg,3Q;    dull, 3.   wax,y,l. 

ch.roKOc^cn(£t.is  .   'vy]iite,2;   .5ray,2'/;    Dro.v{^iah,  o. 

to.:^Oftrapl}:/.    smooth,  34. 

optical   ch.5racterG.    t  rant  parent,  2;    translucent,  5; 
opalciicent,25;    oytyrous.,    1; opaque,!. 

viscOGity.+l.    -,33. 
LC latin  stao. 

liciuex action.    nCi^ative,34. 

Line   /;ro\7t}i.    riliforn,31;  oeadec.,1 ;    ec^-inate,!;    plumose,!. 

surx'acc    /ro^rth.    flat,l;    raised, 2;    convex, 6;    0,25. 
Broth. 

pellicle.    -',2;    -,32. 

turbiaity.  slight, 17;  decided, 17. 

seuinent.  non-characteristic, 34. 
Potato. 

forn.  rilirora:,  29;  echinatc,  o. 

elevation.  ilat,d;  raided, 9;  convex, 14;  capitate, 3; 
uincilicate,  ;. 

lustre_. B]^±,^in^,  -7  ;  uul l,  2 ;  waxy,  o  . 

chrono;enesis.  white, 5;  ^ray,  23;  orownish,!;  yellow- 
ish, 3;  0,2. 

potato  discolorc_o_.  +,  23 .  0 ,  11. 
Gelatip  colony. 

rorr..  round, 34. 

elevation,  flat « 12;    convex,  l-.;    capitate,!;    0,2. 
lustra,    shinin-,29;    dull, 2;   waxy,!;    0,2. 

inte rnal   s true ture . hoi!io,::e neout. .    8;    -ranular,    20;    ,;m- 
ose,    3;    moruLoid,    1;0,2. 

chromo'^.enecis. mu  te ,  5 .    ,^ray ,    j ;  orownish,  1 ;    ye  llowish,  3 . 
At^ar  goIojt;^. 

X  o  rn .    round ,  3  : .    f us  i ^"o  rra ,  2 . 

elevation,    flat, 11;    convex,    21;    umoilicate,    2. 

ed^.    entire,    29;    serrated,    2;    ciliate,2;    erose,!. 

inter)  a!  structure,   hono^-eneous,    7;     ;ranuiar,    13; 

.-,  ,    ^    .&rumose,.13;     -yrose,!. 

r.'il^oa/^uLateQ.    ne^^ritive ,  34 . 
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1..  ....^10,1.    acicijii;    aikaiin^.  ,1;    Lcrj'iiu-U    .a-.riiMiiz  -,2 

Bacillu!::    eriueritiais.   iio.    17;    34  ooservationt. . 
A^ar  blant « 

form.    riliforn,23;    noaosc,    1;    ec]iinate,9;   villous,!. 

c  1  €  vat  i  on .  fl  at ,  20 ;    rair.ea,9;    convex,  4;   unoonate,  1. 

luotre.    sh^ninc^,    30;    dull,    1;   waxy, 3. 

chromo^enesis  .    ^ray ,  29 ;   v/hi te ,  1 ;    u ro^vnitli,  4 . 

topOf^rapiiy .    smooth, 30;    alveolate,!;    punctate, 3. 

optical   charactcrb.    trans lucern:,    1;    opalescent,    27; 
nacreous,    1;    opaque,    5. 
Gclati^i  stao. 


foi-m  oi    ligv.efactio.j,    craterifonn,!;    no   liquefaction, 33. 
line   ^I'OY/th.    fil   rom,2o;    ocaded,5;    pluir.ose,2;0, :'. 
surface  r;ro'7ti:.    flat,  10;    uinnilicatc,  1 ;    uraoonate ,    2; 
convene,    2;    0,1'j. 
■Bi-Qth. 

ocllicle,    -,2;-    ,32. 

zn.  Diairy.    "iears  up   on  cf^nding,!;    sli,-ht,23;    decided, 10, 
c_ediiiient .    non-characteristic  .34. 
potato. 

fp.rn.    iiliforu,26;    echinate,    4;    spreadin.-,4. 
elevation,    flat,    3;    raised, 16;    conve::,    12;   ur  Donate,!. 
lustre  ♦   shinin^^,    25;    dull,  2;    waxy,  7. 
chroKio^;ene_s_is_.    ^r:rr,    4;    brownish,    13;    redaish,    14; 

yello'.'/ish.    In; 
po_tato   disGOloreu.   H-, 23;    -,5. 
Gelatin    ■olony . 

f o  iTi .    round ,  28 ;    0,5. 

cleyati^on  flat,    3;    raisea,    15;    convex,    ^2;    umoo.oate,  1. 

Mse.    entirr,2J;   ^^aved,    1;    auriculate,    1;C,G. 

li^t exnal  s t rue tu re  .   hoi?.o,se.  eous,    V;    ^ranul    r,    ly;    ,.;ru- 

mos  £ ,    3 ;    0 , 5 . 
chromo^^e   e^is.   white, 2;    -ray,  15;    brownish,    3;    3^cllo^- 

iyh,    4;    olue-bro'yn,    4.    0,6. 
ci>tic_al_Gnaracters .    transparent,    2;    translucent,    1; 
paraffinoizs,!;    opalescent,  14;    buryrous,    2; 
opaque,    7;    0,6. 
AI5J:  colony. 

fom.    round, 30;    fusiiorr:,  2;    conglorieraoe,!-    u,l 
eAcj.:atiori.^nat,8;    raised, 2;    convex,    22;    ui.ilicate,  1 ; 
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£_d_£e_.    entire,    30;    serio-ted,    1;    erosc,2;    0,1. 
internal   stnictui-c.   iiono -cnc out  ,    5;    ^ranular,    21;    gru- 
mose. ,    7;    0,1. 
I'ilk. 

cqar^alated  ;   ndiatlve ,  o-± . 

liqueractlpn.    ne^at ive , 34 . 

rc-actio-i.    aGiu,8;    allialini  ,G  ;  tcrninal   alkalinity, 20. 

2.ac i_llu£_  rjar&cpli.    : io .    18 ;  34   o bs e  rvat  j  :)ns . 
A.-:ar  t3  lant . 

Torn,    filiform, 23;    Deadcd,o;    eciiinatc,    1;    plunosc,4; 

arc ores cent,  1. 
elevation. flat,    32;    effiite,!;    raised, 1. 
jAis^trcj..    sh.inint;,30;    dull,l;    '?axy,3. 
cIaroriOr"&ne£. is  .    wiii::e,l;    f$ray,26;    oromiiGli,  7. 
Jt  op  o^;raph,Y_.    e  in  o  o  t ii ,  3  4 . 

o^tiCAl.  characters,    transparent,!;    ■t:ran&lucen-c,3;    opa- 
lesGcn::,    28;    opaque, 2. 
Gelatin  stab. 

liquefaction,    negative, 34. 
lino   ^ro-7tli.    filifom,    33;    eG}.inr..t£,l, 
turf  ace   growth,  flat,    1:j;    raised,!;    convex, 5;    effuse,!, 
tm   ilicate,!:    0,10, 
Broth. 

joellicle .   +,4-,  30. 
:turDia.it^.    Eli^-ht,12;    decide '.,22. 
s_c  d  iiioit .    no  n-  c  ha  r a  c  t  e  r  i  i^^  t  i  c ,  3  4 . 
Potato. 

fprn.    filifoiT.1,26;    echi:-ia-e,5;    spread  in,-,  3; 
.el^^'iat ,_Qa-  fl at,  2o  ;  ef f us e ,  1 ;    rais ed ,  1  o . 
lus_LT£_- shining,    23;    dull.l;    wax:^/,10. 
ctrqriq,.ien€Ei_s  .    -r -,7, 3  ;    b rovnish,  22 ;    ye  1 1 o"^is h,  5 ; 

bluish, 4. 
potato  discolored.      +,31.    - , 3 . 
Gelatin  colon:;. 

to^m- round,  2S;    con,;!  one  rate,    1;    0,7. 

c_l^vation.    flat, 10;    raised, 4;    Dro"rn,!;:,;    umoilicate,  1. 

ed^e.    entire,    24;    looed,    2;    eroEe,l;0,7. 

iJlteriTal  struc.tur^.    honio,-eneous,6;    granular,    20;   .^ru- 

nos  e ,    1 ;    0 . 7 . 
0£tical   characters.. transparent,    1;    translucent, 2; 

paraffinous,    3;    opalescent:,    lf3;    seoaceous,!. 
or.aque,    5;    0,7. 
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cjirorio^fnc£is_.   ■'.mite ,  4 ;    ^;ra;/,  21 ;    u  i-ownich,  c! ;    0,  7  . 
A^ar  co.lgn.y. 

fonn. round, 33.    fUEifona,!. 
elevation ;    flat,    '-3 4 . 

edf^e  ♦    entire,    30;    serrated,    1;    erose,3. 
internal  structure,   homot^eneous,    3;   j^ranular,    21; 
grumoiic,    10. 

coa^-^ulated  .    ne.iat  i ve ,  34 . 

licrae  fac  tior..  negative ,  34 . 

re  act  i  on  ♦   alkaline, 2;    acid, 3;    terminal   al..alinity,;i3. 

3acillu£:_  CI    Fried  lander,    uq  .    Vj  .    34  obceivp.tianG, 
Agar  ^lant. 

i  0  rm .    rilii""oriii,l6  ;    oeadeu,!;    villo-iG,l;    ecliinate,  15; 
plumose,    1. 

e leyat i on . ilat , 6 ;    rait:ed,    17;    coxivex,o;    u]nbonate,3; 
umi.ilicate,  1.  capita  oe,  4. 

J^usjcrc .  6  hin  in^  ,  3  4 . 

ciiroiiio^e nqs is .   white,.':;    r;ray,    25;    brownifc]i,7. 

optical   jjiaracters.trani^  parent,,    1;    trant: iucc.it,  1 ;    opal- 
es..oent,    20;    ouaoue.l"-:. 

vibCOoio;/.    +,30;    0,4. 
Gelat in  ^tab,. 

liquefaction,      ne .  ;at ive , 34 . 

Jii/liL -iLO'lth.    rilixom,2d;    t:)ead-:a,2;    nodose, 4. 

EJiXil^iG^e  _^_qwth.    ^'lat,©;    raiseu,5;    convex, 21  ;0,1. 
Broth. 

jPAliiclf:.    0,34. 

turoldit;/;,    :- light, 21;    decide:!,    13. 

s_edinent»   non  -charac t  c  r  is  tic,    34. 
Potato . 

iorin.    riliroi-m,::;3 ;    ec/iinate,7;    spreauint^-,  .. 

e.levatioji.    raise    ,13;    convex, 7;    capitate, 11;    umcilicate, 
3. 

lus_tre.bhipin^-,    30;    a^ill,!;   wax:/, 3. 

aj-rromo.~i:act.ls,,   f5ray,6;  orownish,  3;  yellowibh,  20. 

iiOtatq  difc colored.    +, 34 . 
Gelatin  colony. 

xQjm.    rouau,29;    ros.ilate,    1;    u,4. 

_ele_vat.iqn.    flat,  9;    raisea,!;    convex,  19;    amcilicatc,  1. 

ta,^e.entire,.--:9;    looea,    1;    0,^. 

i.atcrnal  .L^i:'-ACture_.   homogeneous. ,  5  ;    granular,  17  ;,;ru- 
mose,    6;   inarnorate-3,    1;    0,4. 
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?JirQjiiqHCLiI£jLis_'   white,  6;   <-jra,y,16;    ui*ov/j:ic-.':,  :^;    reddish,!, 

yellowish,    5;    0,4. 
ojj  t  i_ca  1   characters  .    t  r  ane  p  a  i  •  e  n  t ,    3  ;    vitreous,    1 ;    o  1  e  a  - 

i^inous,    1;    translucent,,    3;    parai'^'inous ,    3; 

opalescent  6;  opaque,  13;  0,4. 
Aoar  colony. 

fonu.  rouna,  32;  rosulatc,!;  0,1. 

elevation^  riat,:-<;  raic-ert,.?;  convex,  27;  umcilicate,  1 . 

.edge,  entire, 30;  eavea,2;  lobed.,1;  0,1. 

internal  structure_.   honoj^ene ous ,    3;   .-ranu   ;ir,    25;   ^^ru- 

mosc,    5;    0,1. 
Milk. 

caa  iiilat ed_,   +,  2 ;    no   c o a^u lat ion,  3 2 . 

1  i  tjue  I'ac  t_i^Qn_.      ne ;  -at  i  ve  ,34. 

reaction,    acid,  33;    terr.iivil   alkalini  .y,  I . 

BactcriUQ  aero.-^enes.    Ho.    20.    3-  ooservations . 
A;sar  slant. 

Xoiii-    i'.ilif0  2'm,23;    echinatc,a;    villous, 2;sjreaain,j;,l. 
elevation,    flat, 8;    efruse,l;    raised,  11;    conve-cll-' 

'iEiuonate,2;   vunoilicate,  1 . 
lustre.    Ghinin,5,32;    dull, 2. 

c_hro];OKcne£is.    v/hitG,6;    f5ray,22;    bro^7nit,.,6. 
0 id.ip_a  1  characte  rs  .    t  ra;  •  c  lu  o  e n  t ,    2 ;    o p al  e  s  ( ;  (  n t ,    20 , 

opaque,  1.:; 
Xisc.o_b_i t^£ .    4-,  1 4 ;    - , 20 . 
GeLatiji  stap. 

-orm-      oX-liT--^fcx'^ctiQn.    34  ne^^ative. 
line  -irowth.    i:.lifonii,28;    nodose, 5;    Dead,  a,  1. 
^ii?--Lac_e_   ,.vowt.,.  r lat  ,19;    r -  is e ci ,  b ;    c o; > vex ,  4  •    0,3 
Brot/i.  ' 

-2£llicle,   0,34. 

.turo_iuip^.    slight,  8;    .iecioed,    24. 
s.e.d i^c_nt^  : lon-charac  C(  ris t ic ,  34 . 
Potato,. 

rom.    filiforn,    23;    ec,. irate,    8;    spre   dinj;,3. 
iOevation.    riat,4;    ef:uso,>-    raised, 14;    convex,9-    cai)- 

itate,    n.  '        ' 

lustre,    snining,    31;    dull, 2;   waxy,l. 

-Ciirojnaicjie_sis..   white,!;    ..jray,    4;    Drowrisn,    13:    vellov.-   13 
jootatp_  uj^sco.loreQ[.   +,27;    -,7. 
G.el_a y^  _oo.ljonir 

x_ojnn.    rouna,    25;    ajuoepoiu,    2;    0,7 

e.l_evation.    flat, 4;    raised,    3;    convex,    15;    0,7. 
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ed,;e.    entire,?.:;;    loD&ci,;-'-;    waved, 1;    erose,l;    0,7. 
internal  structure  .homogeneous ,    8;   grUi-nose,17  ;   g-ran- 

ular,    2;    0,7. 
chromOfsenecis.   i7Mte,5;    r^ray,16;    bro'vnish,    4;    rtdditli, 

1;    purple, 1;    0,7. 
ojjtical   characters .    tran-jparent,    1;    translucent,    3; 

pai-ai'i'ln  ub,    3;    oioalescent,    9;    nacreous,!; 

seoaceous,    2;    0^.aiuc,3;    u,7. 
A,;ar  colony. 

ijD^m,  round ,    32;    amoe b o i a ,    1 ;    0,1. 

elevation.  riat,l;effuse,  1 ;    raisea,4;    conve::,27;    o,l. 

ed^e.    entire, 3    ;    ciliate,    1;    0,1. 

irLtern:.l   structurs.    homOt^eneous,    7;   ^^ranulav,    lo;   ^^ru- 

mose,    5;    0,1. 
I.!  ilk. 

coagulated,    +.33;    -,1. 
liquefied.    +,11;    -,M3. 
r^as .   +,    5;    -,2'J. 
reaction. ac  iu , 34 . 

Baci   lus   mirioilis.      ITo.    21;    '54=  observaoionb . 
A^^Z  slant • 

rom. filiform, 3;    echinate,2;    villous, 4;    spreading,  25. 
elevation. x'lat, 21:    efl'nsf,,7;    raised, 4;    conve::,2. 
Iji.s  "t  re .  e  hining ,  34 . 

c/iroj'lQ.i^enes is.. white , 2 ;   ,;ra:/,23;    orcmisi.    ,9. 
iOiLOc-raph^.. smooth, 33 ;    contoured ,  1 . 

O-ii^Lical  .Giiarac_ter£_. transparent,!;    resinous,!;    transluc- 
ent,;-.;   opalescent,  1^2;    seDaccou£,4;    Dut.-rrous, 
1;    opaque, 3. 
viscosity.   +,3;    -,31. 
Jj-^ilOi'^-in   sjoaij, 

.rom  1 1  que fac^t i on . s ac c at e ,  4 ;    infundioulaformll;    nap- 
iiorra,4;    stratiform, 13;    no   liquefaction,    2. 
line.  ^:q:.7th.filiform,22;    no  growti.,  12. 
surface  ^rq}7tn.    convex, 4;    no  ^.jroi7th,30. 
Broth. 

ip_e.lliele.    +,4;    -,30. 
turoidit^. s  1  i^^h t ,  1 ;    d e c id ed  , 33 . 

sed^iment.  non-characteristic,  34. 
iigtaoo. 

Xorm. filiform, 23;    eGhinate,3;    st)rea   ino,3. 
.e-le:Aa2^io_n.flat,o;    raised, 8;    convex,!-    capitate, 1. 
umoilicatc ,1. 
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lus t r c . s hi ■  1  i n^ , 2 b ;    dull, 5;    waxy,l. 

chro^iQ^afifl^s is  . ^;re.:-r , 4 ;    urownii5h,8;    oroH'n-re  \,4;    ./elloiy- 

ish,    10 -,   yellow-oranc5e,8. 
iiOtato_  digjqlpred.   +,31;    -,3. 

G,£latiji  colony. 

roHL. round,  13  ;    rhizoid,l;    no  sro^7th,20. 

8l&vat,iQnilat,  11 ;    eiTuse,;^, ;    raised, 1;    -,?,0. 

edi3;e. entire,    7;   TYavcd,2;    lobed,!;    ciliate,3;    erose,l. 

internal  structure  .homogeneous ,  1 ;    ^^ranular,  4 ;    areolate, 
2;    grumose,    5;    0,20. 

ciiror;0;-;enc£ is_. white ,  3  ;    ,;ray,7;    orownibh,4;    0,20. 

optical   characters ♦ trans  lucent,    6 ;    ooales cent , 4 ; 
opaque, 4;    0,20. 
A,.;ar  colony. 

form,  round, 2b;    a]TioeDoid,2;   i-iyceloid,2;    0,2. 

elevation. flat,  11:    r-ised,.-;    convex, 2;capitate,  10.    0,2. 

ed^e. entire,    2:-:;    auricula-/€,2;    ciliate,l;    erose,  7.0,2. 

in'ernal  sT:rueture.   hor.o;5eneo^s,3;    f5ranuiav,22 ;    gru- 
mose,   9;    0,2. 
xijlk. 

co.;i,^ulated.   +,:<4;    -,iO. 

lique.facti_on_.    -1,17:    -,17. 

reaction,    acid, 31;    alkaline, 1.    aiaphoterij,2. 

Bacillus   vuljgaris.    mo.    22.    34  ooservaticna . 
A  ;ar  blajit. 

foiii,.filirom,4;    ech:lnate,2;    aroorescent,  1;    s,.readin- 
27.  '       -  o 

cXevaLion.flat,23;    raised, 3;    convex, 1. 
ii^itrc.; shining, 32;    dull,!.   waxv,l. 

chvoino,.,enesit^.white,2;  -ray. 22;  Drowni^h,6;  yellowi^h,4. 
j^o^LO,illi£iii-sm  oth,27;  unctate,4;  papillate, 2;  rinino:e,l 
02.ticalci2arac_ters.. transparent,!;    Lransiu.;ont,2;    ooal- 

escent,22;    nacreous, 1 ;seuaGeous,l;    opauue.v 
Xiscos^ijtx-   +,c;    -,2'J.  .      i'    1      »    . 

Gelatiji  s tap . 

n.wueraction.craterirorn,6;    saccate, 3;    infundibulii-om, 
S;   napironnil;    stratix-orn,  14-    -,4 

line  ,irowUi.rini-onn,18;    nodose, 2;    oeade.,i;   villous, •:> 

no  tjro7th,ll. 
-§iltia  c_e  ^rojy  th .  c  o  n  ve  x ,  4 ;    0 , 3  U . 
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.Eroth- 

oellicle.    no   pe 1 1 i  c 1 c , 34 . 
tur b id ity . si ir^ht , 4 ;    aciiaed,30. 
se_d  iinent .  :\ov  -character is  tic ,  34 . 
?otato . 

f q i-ia .  i  i  1  i I o i-m ,  .-^ o  ;    eci-inate,l;    aruoreecent,  1 ;    spread  ia.^,  6. 
elevation . Tlat , a ;    eTruse,    19;    convex, 6;    capitate, 1. 
lustre. shijilnfC*    ?-3.    dull, 4;    ^axy,  5;  i  ridei  cent,:^,. 
chro.  o^cn:-ois  .  Dro'.yiiisri,  16 ;    yel  ■  o'.vish,?  ;    .yellov/-oro'7n, 
7  ;    o ran-;e ,  4 . 
Ji-Q. 'ta'^o   discolored.    4- , 5 2 .    - , 2 . 
^,iai^.-*-,2;    -,S2. 
Gelatin  colony. 

rorn.  round ,    Iv;    rliiiioia,    2;    -,13. 

e levat i on . /I at , 6 ;    erx'use,3;    raised, 6;    convex, r5;    0,13. 

.edili.' entire,    11;   ^av€a,l;    ^.ooed,    1;    serratea,4;    auric- 

Tilate,    1;    e rose, 3;    0,13. 
internal   structure  .hOi..o,;:Cjifc ou^,. 4;    ,-ra,rjlar,  16  ;    f-;ruinoo£ 

1;   0,13. 
chrGr,o,,;ene£ie  .white,  > ;    ^-ray,12;    oro.'mi&-,3;    u,13. 
OiL'tiiiLal   charac te rb  . pararf inous ,  1 ;    ooalescent,9;    o  .aquc, 
11;    U,13. 
A^yar   colony. 

i;o.i:^« ■*'Ound , 23 ;    conolomcrate,3;    anocuoid,4;    nyccloid,2; 

f  i laniento-as ,    ; ,  0, 1 . 
e.i.evatiqn.flat,5;    raisea,:!2;    capitate, 6;    0,1. 
_ed^^. entire,  5;    loDed,22;    auriculate,6;    C,i. 
iilVt^lL^  ioinicture .    homo,..:eneoiifc,  o;    -jranular,  •;2;   gntr.- 
ose,    6;    0,1. 
iailk. 

cog,;  I  late  d,   +,12;    -,22. 

lj,quer?:2tion. + ,  1 4 -      - ,  20 . 

_rciacbicri..    acid,  13:    alkaline, b:    r^errdnal   alkalinity,  11. 

..3ac il lu£_  aciQ_i    1  ac t i c i .    Ilo.    23.    '64  oo^crvations  . 
Aj-^ar  s_lajrt . 

fo.m.riliform,16;    ech3nate,9;    villous, 4;    arooreLccnt, 

3;    spr€-adin,^,2. 
eievati^.flat,    lo;    eiVute,    2;    raised,    9;      convex,6; 

uinoonate,l;    uni;ilicate,l. 
Msjtre; shining,  33;    \raxy,l. 
chrojno^_ri.e_siswhite,6;    ,-ray,23;    Drownish,5. 
ioyo-ra^Dh^. smooth,    31;    contoured, 3. 
Oiitical   characters,.translucent,2;opalfescent,    27;    or.aquo,o. 


ttmimani,  {•«#iJ«>«u 


iUv  ;« 
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v^iscosity.»   -  » 14 ;    - ,  20 . 
Gc latin  stao. 

ilP_?Il  J^i^'i§XaA4.ion.s-iccate,l;    no   liouexaction,3;5. 
it^ie   fsrov/th .    f  i  11  f  o  rn ,  15 1 ;    o  e  ad  e  d ,  1 ;    nod  os  e ,  2 . 
s u r race,  .•  r o w t Ii .      ^lat,2<3;    0,    6. 
Broth. 

pGlliclc>    +,1;    0,    33. 
turDiait_,y,    sli^it,4;    decicieu,30. 
seclin£:ji_t .    non-charr.cteristic,23;    no   sedine-nt,  3. 
i^otato. 

rprnu    riiironn,20;    eciiin^-tt  ,4;    spreading, lu. 

ele  vat  ion,  flat ,  '6 ;    eix'use,!;    raised, 13;    convex, lu; 

capitate,!. 
lustre .    shinin,5,    25;    j.u11,    3;    waxy,    5. 
^iromaicnesi8_.vvhite,l;   tiray,9;    L)rowjiiiih,13;    oro^7n,3; 

oran.;;e,2;    red-oran.^ejl;   yellowith,    5. 
op  tat  0    ■'.  is  c  o  1 0  re  g .    +,30.    -,    4. 
Gelatin  colony. 

^.qm.    round, 23;    awoeooid,  1;    0,    lo. 

elc\';atioji. ilat , 6 ;    raised , 5 ;    convex,  13 ;    0, 10    . 

edp;e. entire.    18;    \vavea,4;    loocd,!;    o,lo. 

internals  tructurc._  _     uOino^ei:eoub,3;    ,::ranular,14;    f-ru- 

mose,    7;    o,    10. 
chroiiw  ie2ies_is .  tviiite ,    5;    .rray,    14;    brownish,    3;    yelio-v, 

1;   0,   10. 
pjit_ical   characuers.    trans  lucent,  3;    parar^  inoi;E,  1 ;    opal- 
escent,   13;    seoaceous,    2;    nacreovt,    1;    0Df>que,3 

0,    10. 
Ai_L  iLoloii^. 

ijonii..    rouna,    2j;    fusiiom,    :i;    ainoeooia,! ;    r}\y2oid,l. 

no   i^rowth,    2. 
-iJLexatiqn.    flat,    2;    effuse,    1.    raised,    10;    convex,    19- 

0,    2.  )  »         , 

ed,-e. entire,    29;    ciliate,    1;    erose,    2;    0,    2. 
intenicU   s_tructure.   ..oino  ;eneous,    3;    rrranular,    15-    ,--ru- 
uose,    14;   0,    2.  '     ' 

.■ilk. 

-SO.%iulated_.    +,  .-^8;    -,    j. 
-Uq^icfacUon.    -^,3;    -,    31. 
.^as^.    +y    2;    -,    52. 
X£ act ion,    acid, 33.    amphoteric,    1. 
^  -^aciUjis  .2c_nlieri .     .q.    2-i.    33   observations. . 

'kj^X   ^  laj':t . 

fon^i.    filifonr.,18;    ueaaea,l;    noaose,    1;    echinate,    3; 
villous.  ,4;    bpreadiaj,    4;    aruore^-cent ,  2. 


.:  ,^r9nlf 


iul^x. 
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clcvatioa.ri&t,    15;    efrv.zc,    5;    raisea,    14;    convex,!, 
lust re. shining,    28;    dull, 4;   waxy,    1. 
chr or:io.::e n ; s  is  .  vii.. ze,    4;    c^ray,    2n;    urov/nit^xi,    4. 
to:Ofsra:oA7.    smooth,  30;    i-Uii^ose,!;    coiitourcd,  :d. 
qotical   J harac 1 8 rs  . t raiVo pare nt ,    5;    vitreous,!;    trans- 
lucent,;);   paraiiinous,    3;    opalescent,    11; 

opaque, 2. 
vi'oCosit.y .  ne.jative ,  ;33. 
Gelatin  Ltab.. 

li  que  Tact  ion.  iniMno  i'ov  !  i  f  o  nn ,    1 ;    no    1  i  que  fac  t  i  on ,  32 . 
line   v^ro-rth.    f iliron.a,22;    no  ^t-OTtji,!!. 
s u r r a c  c  g r o w t h .  r  1  at ,  3 ;    no  oro-^th,    30. 
5 roth. 

^g ll.ic le .    no   pellicle, 33. 

turo id itX' £  1  itSrit ,    25;    deciae    ,    7;    no   turoidity,    1. 
sediment,    aon-ciiaracteristic,    3.2.    no   sedincnt,    1. 
Pot  a.  to. 

fora. I'i  i.iforin,    26;    Deaaed,    4;    0,    3; 

iJ-Avatior. riat,  7;  effuse,  4  raised,  14;  convex,  5;0,3. 

lustre.shinin^;,  14;  aull,  12;  uaxy,  4;  0,  3. 

ci.ironp^-,6 nes is .      white, o;    ,iray,    7;    oro^vnibh,    8;    ycllo'v- 

iSxi,    0;    0,    3. 
::otatQ   discolored.   +,    19;    -,    14. 
Gelatin  colony,    fonn, rouni,    0;    con, jlojiie rate,    2;   inyceloid, 

2;    0,    20. 
-Elevation. flat,    b;    effuse,    1;    raised,    3;    convex,    1; 

0,    20. 
ed,-:c.    entire,    7;    vvav.  u,    2;    looca,    2;    ciljate,    2.    0,20. 
ijito rnal  g true ture .     :r  nular,    lu;    areoiate,    2;    laarmor- 

atea,    10;    0,    2u. 
i^i:^ro£iOiiyit^ls.-    w.-iG£,    !;    ^ray,    6;   yellowish,    4;    0,2w. 
OiL^iml   cii^iLactGrs .    translucent,    4;    transparent,    1; 

paraffinouE,    3;    opalcccent,    2;    o-oaquc,    3.,    u,20. 
ikJiyi  £0  Lon^. 

fonn.    round,    18;    ai.ioeboid,    3;    filamentous,    8;    rosuiatc, 

2;    0,    2u. 
el.evati_qn.    flat,    5;    effuse,    4;    raisea,    7;    convex,    15; 

uinuilicate,    2;    0,    2. 
ejiiie.ertirc,    !/;   wavea,    2;    loocd,    1;    serrated,    4; 

eros; ,    7,    0,    2. 
Ajl^AmiJ-.  .^.tructure,.    ^-ranular,    24;    .-ruinose,    3;    areoiate, 

1;    6\yi'0tie,    2;   in-:riiioratea,    1;    u,    2. 

cjoSxLulatcj,,    -,    26.    4-,    7. 


;  •  i 
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liqU6'fi,€d  .    +,3 
reaction,    acid. 


-,    30. 

15;    alkaline. 


9;    ampizoteric, 


Bac i  1  lus   py o cy ancus  .      Ho.    25;    34   ootei-zationL. . 
Af^ar  &la.nt. 

I'onn.i'llii'orifl,    20;    oeadC',    4;    ec'.iiiiatc,    2;    sjrcadin;j,    8. 
el-  vat  ion.  Hat,    21;    raii:ecl,10;    exTuGejS;   ximuilic::te,l . 
lust  re.  shir,  iri^:;,    9;    dull.    0.    iridescent.    25. 
ciiroiiio  ;enesis .    'viiite,    2;    c^ray,    lo.    yellow-ircen,    1; 
fsrecn,    3;   ,-srfenish,    7;    .-;recn-rea,    1;    Jark- 
.;reen,    1;    Dlue,    1;    dark   olue,    1. 
toioo^rapri:/ .smooths    24;    bullate,    3;    ragooe,    7. 
0ij.t_ic£^l,  characters  .tr.nslucent,    11;    opalescent,    21; 

opaque,    2. 
viscosit,y .    -f-,12;    -,    22. 
Gelatin  fc t a"D . 

liqueraction.  craterironn.    18;    biicoate,    8;    naQiform,2; 

no   liquefaction,    S. 
Ji^_  ilUQJLtii.fovm,    filiforn,23;    0,.:. 
sjurfa_^  gro^vth.  flat,    o;    e-Tise,    2 
Broth. 

B_&_l_licle.    ^, 23-      -,11. 
turuidii,;/.    clears   up  on  s  tan  a  in,;, 
scjiJJ5.^>lt.    non-ci.'.aracteristic,    34. 
Potato^. 

Xorin.iilionn.    27;    nojose,    2 

elevation. flat,    5;    eri'rise,    1;    raised,    10;    convex,    16 

caoitate,    1. 
lustre,     shinin.5,    19;    dull,  5;    ^ira>:^s3;    iridescent,    7. 
.ciirqrAq^enesis..    bro'.'nish,    5;    or  own,    4;    orov/n-ye  110^7,4 

pink,    12;    red-brown,    8;    ,-^rcenish,    1. 
■I>Qt.,atQ   discolored,   +,32.    -,:. 
Gelatjji    colony. 

form,    round,    30.    cochleatc,    1;    filamentous,!;    0,    2. 
el.ejrat4_o_n.flat,    9     raised,    3;    convex,    20.    2  =  0. 
i^d^ie.    entire,    19;   vavcd,    11;    ciliate,    2;   0,    2. 
iJlterna i   s t ru c tu re  .    ho}no,;eneous,    1;    ,-ranuLar,    25; 

grunosc,    2;    laoruloid,    1;    0,    2.inarir.oraLed,3 
cnrowajenes^is..    ^hite,2;    gray,    4;    oro'vnish,    4;    yellowy- 
ish   1;   ,5reen-bro^vn,l    ;    0,    2. 
iaracters_.  trans  pa  rent,    3;    tranr,  lucent,  9, 
opalescent,    3;    nacreous,    5;    paraff inou&,l; 
opaque,    ll;    u,    2. 


up.oonate. 


'li. 


0,5. 


1;    decided, 3: 


echir.ate,    1;    spreading, 5. 


ootical 


;ar  colony 


ilorin.    rourd,    3.;    ajiioebo-d. 


rooulat? 


1. 


J.     » '1 .'  >~ 


;1   •TJiltnik 


JA 
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c.levat,ion.riat,    14;    cfiuse,    5;    raited,    10;    convex,    o; 
capitate,    2;    uin-ilicate,    2. 

ea-e. entire, 22;    vaved,    5;    looed,    4;    auricv '.ate,    1; 
erosc,2. 

internal   structure. homo  ;eneou&  ,    1 ;    ^^ranu Lai ,    1  / ;    .^ru- 
in ost  ,    15;    c^yrose,    1. 

coa^-.'latcg,  +>  2d ;  - ,  5 . 

liq,uc faction.  +,30.  -,  4. 

reaction,  acid,  20.  alkaline,  10.  aanphoteric,  4. 

Bac  i 1 lu£  SUP  tills.  Ho.  25.  34  ooGcrvot-ons . 
-Wsar  a  lant . 

f 0 i-rn. f il if orm, 4 ;  plu;:iose,4;  ar;jorefecent,-i;  spreaainf;,.i2. 

elevation. I'lat,  13;  ef^uae,  5.  raic^ea,  16. 

lustre,  fchininj,  b;  aull,  4;  '.raxy,  22. 

ehr  ;mo,:;e nea  is . white , 2 ;  ,;ray,  29;  Orownish,  3. 

topot^rap.-^/.  smooth  2^^;  alveolate,  1;  punctif'orn  2; 

rugoi^e,  2. 
Ojit  i  c  al  cha  rac  t  e  rs  .  t  r  ans  j  a  re  n  t ,  1:  parai'-i.ious,  1; 

opalescent,  1;  opaque,  31. 
viscosity.  +,3.  -,3i. 
Ge_lat.in_  tap, 

liquefaction,  crate riiorra,  5;  infundiouiiforin,  0; 

St  rati  Torn,  21. 
Uaie  ,;ro -Tth.  filiforn,  21;  weadca,  2;  villous,  1.  0,10. 
JL^^l^l^pa  t;ro/th.   flat,  5;  0,  29. 
3 roth. 

pelliG_3^e>  +,lo;  -,18. 

turoidity.    clears   up  on  standin,-^,    7;    sli -ht,    13.    de- 
cided,   7;    no  sedi   ent,    7. 
r'otatq. 

ilom.    filifom,    13.    ceaded,    l;    eciiinate,    4;    sorcauing,!! 
eievation.riat*5;    eriLm.e,    l;    raised,    24;    convex,    2; 

capitate,    2. 
JJiijtrc^.shinin^;,    6;    diill,    23;    inxy,    5. 
chmno,^enesis.-,hite,2;    -ray,6;    bro'.nish,10.    reddish, 

2;    yellowi;:^,  11;   greenish,    3. 
potato   aisGOlore d .    + , 30 .    - , 4 . 
.da^.    +,2.    -,    32."" 
Lie  latin   colony_. 

i:om.    round,    13;    liiair.entous,    10,    0,    11 
Oi^v^^tion.    flat,    14;    effuse,    3;    raised,  *5;    convex,    1. 
- » 1 1 . 
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ed  ;_e .    entile,    8;   w::veu,3;    Ee-rrated,    2;    ciliate,    7; 

erofce,    '6. 
i n t e I'n al   b t rue  i/a i-e  .   iiomOi-^cneotis,    6;    .-granular,    4;     :ru- 

note,    4;    jnoruloia,    5;    t^yrooe,    4;    0,11. 
c}iroHio.:;£--'-esis.    "rhite,    G.    gray,    15;    vellO'.'/ish,    2.    0,11. 
optical   cniractcrs  .  t  ranc  lucent ,    2 ;    opale^  :■  ent ,    2 ;    opa- 
Lut,    15;    0,    11. 
-Se^ar  aoloiiy . 

ro.'i;S..    round,    4;   nyceloia,    1;    i'ilainentout ,    21;    rhizoici, 

3;    rosulate,    4;    o,    1. 
elqy_ation.    ilat,    15;    effuse,    2;    raised,    9;    conve::,    2; 

ui.iuilicate,    5;    0,    1. 
CO  ye.entii-e.    1;    ciliate,    25;    erose,    4;    0,    1. 
internal  structure,    t^ran-aiar,    6;   moruloio,    2;    clouded, 

i;    ,_;;yrose,    16;    narmoratect,    1;     .rumose,    '6,0, o. 
Llilk. 

coa,J:ulatea.   +,13;    -,    21. 

liqueractj  on.      ,32.    -,2    . 

reaction,      acid,    31.    alkaline,    2;    ajTiprioteric,    1. 

Sjjirilliu.i  ne tscxiiiikovi .    .Ic.    27.    34   ODberv;-tions. 
Af^^ar  slant, 

I'prm » i" i L i fo rm ,    27;    eciiinate,    4;    plui::ose,    1;    8preaainr^,2. 
elevation. flat,    12;    cfi'u^e,    1;    raided,    16;    convex,    5 
.lustre-    t:]:iniM,,-,    30;    ct  ill,l;waxy,    3. 
qhroino-enesis.   -vhipe,    2;    fjray,    11 ;  DrowniBli,    16;    bro'-zn- 

yello'7,    2;    red-bro^^n,    1;   yellowis}i,2. 
to^^o^rcTihx-    smooth,    33;    rugose,  1. 
JiaMil^J:.  .cliarac.ters_.    translucent,    3;    opalescent,    21; 

seoaceous,    1;    opaque,    9; 
via  CO-  ity.      +,3.    -,31. 
_Gelatiji  otao. 

Xoiia  Uay^fa.'t.._on.    crateriforw,    2;    saccate,    16;    infun- 

diDulifonn,    13;    stratiform,    3. 
l.ine   /irowtiLfilifoKn.    7;    nodose,    2;    oeaded,    2;    0,    23. 
iiurfv.3e  .iroztii-flat,    20;    effuse,    2;    raised,    4;    convex,^. 
BroUi. 

pellicle .    34. 

turbiaity.sll.-rht.    10;    decided,    24. 
.^a  iiiv:ilt .  non-charac  te  r  is  tic,    34 . 
Potato. 

foiTn. filiform,    25;    echinate,    4;    tpreadino,    2;    0,2. 
elevation,    flat,    9;    raised,    13;    convex,    7;    0,    2. 
lustre.    i,hinin(i-,    27;    dull,    4;    iridescent,    1;    0,2. 


Q   tXdvnoo  ;dJ 

<rftf  jei 

.1. 


.rrf^j-llT-*-^*^ 


Ghrono,;cncsis .    gray,!;    uro^ynii:'!,  ;i5 ;    rcadij.-.h,    5;    .yello"/- 

ish,    3;    0,    .•-:. 
potato   g iii co lo red  .   +,    10;    -,    24. 
_uelatijt   c:3lony. 

fori::,    round,    17;    0,    17. 

elevation,    flat,    14;    raited,    1 ;uncilicatc,    1;    0,    18. 
edf^c .    entire,    12;    vi^aveti,    1;    fccrratea,    2;    croLc,    2;    0,17, 
3.ntc.rnal  s t rue ture . hono-re n eo' ' £  ,    2;    .granular,    8;     -rrau- 

o&e,    7;    0,    17. 
chroiao/^encs  is  .white ,    2;   gray,    3;    bro^-'nich,    6;    yellow- 

isla,    1;    0,    17. 
ac'tieal   cliaracters  .  trans  lucem:.  2 :    opalescent,     / ;    Dut- 

yrouG,    2;    o.iaque,    6,.    0,    17. 
Aj^ajr   colony. 

Xoun. rouna ,    2ii;   0,    5. 

elevation. flat,  2;  rai£:.ed,  5;  convex,  23;  Uyr,. 
ea^^c.  entire,  23;  '/aved,  4;  auriculatc,  2;  u,o. 
internal  s  tructurc  .^^ray,  11;  ,;ruj7ioce,  18;  0,  5. 
:>.-ilk. 

_c_oaguiated .  +,  19;  -,  15. 

j^it^ue  fact  ion.  +,  18;  -,  15. 

rcaction.acia.    24;    alkaline,    7;    amphoteric,    3. 

Bacillus    anthracis.    iJ   .    28;    34  obtervations . 
A,.^ar  s  liuit . 

Xcm. filiform,    9;    villoub,    11;    echinate,    3;    pluiaosc, 

1;    spreading, 10. 
iil^m^qn.flat,    11;    effuse,    4;    raised,    18;    convex,  1. 
-l^^-iLe. shining,    19;    dull,    3;wax:/,    7. 
i^hixiU0i^enGsis..'7hite,3;    gray,    13;    oro^nish,    13. 
to^c-rasia^. smooth,    26;    punctace,    4;    nigose,    2;    contoured, n 
qjJ.tiG.al   clioj:a_cters.O:.ialesc&.^t,    1;    opaque,    33. 
visco^it^.    ^,2;    -,    3^. 
-'ii-latin  btab. 

-li^e_i:action.  crater  if  oral,    3;    saccate,    6;    infundibuli- 
form,    11;    napifonr.,    5;    stratiform,    5;    0,    3. 
Ujic  _^ro:rth. filiform,  14;    ueaded,    2;    villous, 3  plumose, 

2;   0,    6.    arboreccent,    7. 
surface  i^rowji. pellicle,    lo;    no   uellicle,    24. 
Broth. 

pellicle,    15  no  pellicle,    19. 

:&iii:'iiui^. clears   up   on  stanaing,    10;    slight,    3;    decided, 21 
!:-_edin£_nt.    non-cjiaracteris-cic,    34 
Potato. 

foi2i. f :  lif orn,  12 ;  villous,  1  ;sprGaaing, 21 . 
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elevat ion. flat,  13;  e-.tfixse,    5;  raised,  11;  convex, 5. 

Uistre. shining,  1;  dull,  30;  waxy,  3. 

ciiromp^f^eneb is . white ,  7;  f^ray,  9;  brownish,  15;  oro^.m- 

rea,  1;  yellowish,  2. 
potato  disco lore a.  +,  27 \    -,  7. 
Cic latin  colony. 

form. round,  7;  myceloid,  1;  rilaraentous ,  17;  0,  9. 

elevation. flat,  13;  effuse,  2;  raite/>,  ?.;  0,17. 

e J^::e .entire,  3;  wavra,  1;  serrated,  1;  ciliate,  12; 

0,  17. 
inberr -jlI  s t rue ture . i\yal ine  ,  2;  ;ran-alar,  2;  .;rur.ose, 

3;  oV  13. 
ch r orio .^^c n e t^ i s_ . wh i t e , 2 ;  .^iray,!!;  bro'vnish,  4;  0,  17. 
outleal  ch^iracters .trans lucent,  2;  paraff inou- ,  1; 

opalescent, 1;  opaque,  13;  0,  Id, 
A^r:r  colony. 

form,  round,  3;  myceloid,  4;  fi  lar,entous,20.  0,2. 
8 le vat  ion . , lat , 11 ;  effuse, 10;  raised, 3;  convex,4; 

unbilicate,  4;  0,2. 
ed^e. entire,  3;  loo-rui,!;  auriculatc,  1 ;  ciliat3,26; 

eroce,l;  0,2. 
interna_l  structure  .;-::ranular.  11 ;  ^;r.unose ,  4 ;  ,,-yroEe  ,  1 , ; 

noruloid,  1;  0,2. 
Mill:. 

coaiiuiated,.    +,27;    -,    y. 

-li^t-iji j'ao t i on .    +,16.    -,ia. 

reaction,  acid ,  23 ;    alkaline ,  7  ; ainpjio teric,  4 . 

S uirillmg  tyro.-renuir..    lio,    29.    34  oocervations . 
/v-;ar  s  lant . 

foriii.fi lifoni!,    14;    echJnate,    7;    arooresccnt,    1;    s-oread- 

in^,    12. 
.eJ,evation.flat,l2;    eil-UGc,!;    raised, 10;    convex,ll. 
lustr€,,shinin.;,    33;    dull,    1, 
-Sili:oimienesj^.wiiite,2;    ^r::.y,    17;    oro'^^n,?;    ycllo-^ish, 

5;    yr  enish,    3. 
1 0  u 0^ r aph,/- . smn n f n  T    34. 

.^la^yL^ai  ch^iracters_.olea.;inouc,    l;    opalescent,    19; 
seoaceouc,    3;    -utyrouc,    1;    o^oaaue,10. 
_Cc_latin  stao.. 

Uojie_raction. saccate,    15;    inJundiDuli.om,  15;str:t^-forr.,. 
Jjjie  ^rowtji.filifon:!,    5;    nodosc,2;    0,    y/7 . 
sjirf.Tce  ,-rq:?ti:.flat,    1;    raised,    2;    0,    'M 
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Brpth. 

qellicle.    +,lb;    0,    16. 

txiru i d i  t.Y .clears   up   on  t    anainf.^,2;    blif-ht,5;decid':  iU29. 
sedinent.  non-cliarac tf: r is r. i c ,    34. 
Potato. 

I'ptra.filii'om,    30.    echinatc,    4. 

e le vat i on > flat ,19;    ef fuse ,    2;    raised,    7;    convex, 3. 

lustre  . s ii i n ineS ,    30.    v/ax;/ ,    4 . 

carojnOi=^encsis .   :mite,    3;    ,iray,    4;    orown,    14;    yellowish, 

19;   greenisa,    1. 
potato   discolored.    +,6;    0,    26. 
G clay in  colony. 

fona.    round,    16;    0,    18. 

elevation,  flat, 5,  raised, 2;  convex,  8;  0,  19. 

eUj^e.entii^e,  14;  arose,  2;  0,  18. 

internal   structure  .homo. ;eneous ,    1;   granular,    14; 

grui'iOse,    1;    0,    18. 
■:hromp  genesis  .j^ray ,    15;   yellowish,    1;    0,    lb. 
optical  characters . resinous,    1;    pararLinous,2;    opales- 

C£nt>u;    nacreout,,    2;    trans  lucent,    4;    opaque,  2. 
A^ar  colony-. 

IPm.    i-ouna,31;    fusifom,    1;    amoeboid,    1;    rhi-:oid,l; 

0,    18. 
yxvation. flat,    9;    raised,    8;    convex,    17. 
ediie.    entire,    22;    waved,    7;    loDeci,    1;    serratea,    3; 

auriculate,    1; 
iQterA^l   structure .,-ranu '.ar.    18;    ;^n".inose,    16. 

_co.aiulat£_d.   +,    18;    O,    lo. 
liqutx"4ction.   +,20;    -,    14. 
react; on.    acid, 32;    amphoteric,    2. 

.^c illu^  c:aniculic_i_da..   No  .  30 .    .'53   o os e rv? t i ons . 
^ar  .y^nt - 

iQim.   i'ilii-onn,    18;    nodose,    1;    villous,    1;    echinate, 
9.    spreadin^;,    4. 

ej^evatiqn.flat,    27;    effuse,    4;    raised,    2. 

lustre.   i-hinin-;,31;    dull,:-:. 

chromo,i£jiesis..   white, 3;   j5ray,29;    brownish,    1. 

taoography. smooth. 31 ;    alveolate ,  , . 

-OJiti:Gi.al   chajracters..  trans  parent,    10;    vitreous, ;i;    trans- 
lucent,   7;    opalescent,    13;    opaque,    1. 
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liquefaction.    nejative,3;5. 

line  y^;ro-.vth. i  ilaj-ientous ,  19 ;    plumos-c,    1;    0,    13. 

surface  ^ro".^th.riat,2;    0,    31. 
Broth. 

pellicle.    -!-,    2;    0,    31. 

turPidit:/.    clears   up  on  standin  ;,    '6\   sliiilit,    21;    Tfc- 
cidcd,    9. 

sedii-ient.    non-charactcri   tic,.'5>...    no   ccaiment,3. 
Potato . 

Xorj^.    iiliAoriii,    5;    no  r^ro/th,    23. 

elevation. flat,    3;    effuse,    2;    0,    28. 

lustre ;    shini   ^^,5;    0,    23. 

_ciirono^erie_Eis_.T7hite,l;   ,^ra.v,3;    yellowish,!;    0,28. 

jp 0 tat o.  g i s G 0 1  ore d  .  +,1;   0,   32. 
Gelatin  colony. 

fom. round,    7;    no   i-rowth.,25. 

elevation, flat, 1;  raiu ed, 3 ; convex,  2;  capitati,!;  0,26. 

ea^e. entire.  6;  loD3a,l;  0,  2o. 

Jjrtejrn^l   stmcjture .   hoi!iOticncous,2;      f5ranular,5;    o,25. 

chromop^enes is  . ,;rav.  6  ;    yellowish,    1;   0,25. 

oytieal   cn^racters .  trans-oare.!ty2;    opalescent,    4;    se- 
Daceous,    1;    0,    25. 
Ai^  colony. 

ilorn.    round,    26;    f ilajicntous,    1;    0,    5. 

e_lcyation..flat,24;    raiseu,    3;    0,^. 


eu 


iie.entire,    24;    loDea,    3;    0,    5. 


JjI^igXnal  structure,    hono^^eneous,    2;    .-ranular,    24; 
jSrujuose,    1;    0,5. 
■filk. 

coa.;  lated.   +,2;    0,    31. 
ja;i:a e f ac t i on .   0,33. 
reac^^on.acid,?.    alkaline, 1^;    Lerminal  alLali,,ioy,7. 
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SiuT::ary  of  Cultural  Characteristics. 
It  has  been  sho^vn  that  Oj.'  all  tlx  factors  studied  in  this 
portion  of  the  investi<;ation,  the  proteid  constituents, 
(ana  t^lycerlne)    are  tiiC  only  ones  causinf^  constant  chanj^cf 
in  t^rov/th  lorus-  yet  variations,  due  in  lyart  to  the  indi- 
vidual idiosyncracies  of  the  organisms,  partly  due  to 
Chan  es  in  tiie  media  too  subtle  for  detection,  do  occur. 

Yet  one  must  rely  upon  certain  cultural  characteriatics 
for  separati'in  of  bacteria  fror.  eacli  otiier. 

The  great  value  of  cultural  ch:;. racteristics  is  to  ^ive 
a  .^enerai  idea  of,-l-  tlie  characters  of  tix  colonies  of 
particular  species  of  Dacteria,  and  -2-  to  furnish  des- 
criptive pictures  of  tjic  vaiious  or^^anisr.is  upon  the 
cultural  media  in  common  use. 

V-hii^ie  the  cultural  characteristics  are  similar,  and 
even  iaentical  in  certain  tt^roups  0^  oscteria,  thic  very 
point  is  veluaule:  one  oecomcs  familiar  r/ith  the  features 
Gominon  to  tix  groups,  and  one    car  recognise  nembc  re  of 
one  t^roup  in  the  pretence  of  representatives  of  other 
groups . 

Ihis  metiiod  is  of  fund  .mental  importance  in  isolating 
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pervioueiy  aescri'oed    orf^anisi'ic    I'rorn   a  nixtur<    of  baci.eria. 

In  t^cnera.!,    one   should   study  tiie   cultural   features 
u.pon  various   nedia,    and    iiidicHte   their  liriits    rf  variation, 
rescript! ens   of  such  orfjanisriS,to,;£ther  with  the  norpho- 
logical   and      oiociienical   chai-acrers   described    in  thx   next 
part   f .  rnish  a  series   of  ooservations   v;hich  will  definitely 
fefinc    (classify)    a  e^ivcn  cr,_,anis]n. 

V/ork  of  this   sort    is   valuaole    iji   porport;-On   to   the 
attention  v/hich  is   paiu   to  tjie   vai  ious   details   de-cribed 
in  t};.e    prcceedinf^  chapters. 

Careful   attention   to   these  points,partic    la>-?.:;   to   t];e 
variations  \7hicji  nay   occut*  due   to   the   differences    in 
media,    and   variations    in   ipterpretinj;;    uhe   various   cuiturrl 
ph.enoir.ena  would   dininish  ^jreatly  tJie   number  of    'species' 
incoinpletel-  descrioed    in    uat;tcriolo,-:ical  nanuals , 
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Part.    IV. 

Morphology. 

Tilt    bacteria  are    ■:^non;5  the   tinplest   of  livin:.;  thin,?;-* 
and   their  inorpholOf^y   i£^    corres  oonain^ly   rudimentary. 

LeaviiLj   out   of  consiucration  the   hi-^^her' uacteria, 
the    oacterial   eel  Its   are   r.inute  s  one  res,    rods   or  toirals 
of  protopac^ri,    enclosed    in  a  more   or  less   shar  ..ly  aefined 
liinitiji,^;  inemorane,   which  May   oe   demonstrated    in  man.    ins- 
tances   oy  placing  the    oacteria  in  h^/-pertonic   solutions 
i.e.    solutionfj    of  various    chemical  cuDstances  which  have 
relatively  hif^ii   osmotic   pressures   compared  witii  the    bac- 
terial cells. 

Tiie  iieriDrane    referred   to    is   seni-ytrmeaDle,allov/ing 
the   pasEa,:5e    of  water   in  or   -ut,    uut   practically  -oreventin,^ 
the   diffu.sion  of  tiie   dissolved   suDstances   to  any   consid- 
er:iol£    extent. 

If  one  imiierses  a  oacterial  cell  in  such  a  solution, 
water  will  ce  witlidrawn  from  the  cell-contents,  ana  the 
latter  will  uecome  sririrnken,  leaviue;  the  cell  iirail  a^  a 
sharply  uefincd,  delicate  iiemDrane  '^Jiica  retains  its  shape 
in  suite  of  tr.e  contraction  of  tiie  cell  orotoolasm  away 
fron   it. 

I'he   ease   with  which  osmosis   talces   place  varies   ,.i;reatly 
in  thie   diffti-ent  snecies    oi"   uacteria,    r-,no.   leads    one   to 
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thc    conclusion  tiiat  the   character  oi    tae    linitin;.;  uenDi-ane 
varies;    x'urtJacr  tvidtncfc    or  tiiii-   variation   it   bhovvn   oy 
tjic   avidity  witi:  TViiicii  certain   oacteria  take  uu   btains, 
ana   fa-;    aix'i'iculty  with  which  other  iomiL    are   decolorized 
when   once   tiie   etain  has   penetrated.    This   r.ay   ue   due,    in 
certain  c^roupt   t"    defiaite   ohei.ical   substances,    as    a 
sort  of  ^"ax  in  tjie   tuuercle   oacillus. 

i>iany   uacteria  are   quite    resistant   to  heat,    and   otlif  re 
remain  attachea   to   one    anothe  i    al'ter  division,    shewing 
aejain  uif.'crences    in   the    ch-n-acte  r   ^i    t^i    neniDrane   snrroun- 
diUo   them. 

iiorpholo;y   is    tJ-x    oasis   of  ajiy   lo  jical   classiricatinn 
of   livin,-;  thin.^s,    ana   even   in  the    oacteria  one   finas    cer- 
tain characters   whiCii  are   of  sufficient    importance    and 
constancy  to   furnish  a  means    of  primary  uivision   into   ftun- 
ilies   and   suofanilies. 

The   ocometrical   arian,jeinent   of  the    Coccaceae,    the   fla- 
f-ellation  of  the   f.aciliaceae,    the   f la,;ellation  and    flex- 
uotity  of  the   Suirillaceae   are   exa:'.\ole-    of  such  Horpjio- 
lo^-ical   Ciiaracteristics . 

In  addition   to  the    foririation  of  spores,    txieir  position 
ana    relation   to  the   forr.  of  the    rod,    and   their  i.-cthoi*   of 
fjeriiiiiation  are   of  ^rcab   a-oistancc    In   certain  of  zhc   Eac- 
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i.llaceae,e .£;.  the  Suof-ili'j  ;i;ro"ap. 

Spcr&s   iiavc   not   oten  dci.iOriiL.t rated,    except   in    rare    iy:- 
ttances,    in  the   Coccaceae   aid   Spirillajcac . 

Anotiier  characteristic-    bne   neohod    oi'   rejrouuotion   in 
the   Bacteriaccae-   no.:,    recei^'-cd   a  new   inuetub   throvi^jh  tiie 
•,7ork  of  Kill  upon  tj^e 'han  jin;j   ulock*    (Boston   Board    of 
Health  iieport,    VJO'A) .    and    ulab    fair  to    ue   of  priiic    impor- 
tance   in   certain  i^rouos,    'jarticu  ■  arly  th^e   ilaciliut    I'iph- 
theriae  group,    vvhere  many  of  zht   r.enuers    'snap*    instead 
of    •slippin,-* ,    the   conn.on  nethoa   in  Baciil'is   coli,    and 
many  ooner  common   oacteria. 

It  Till   oe   necessary  to   discuss   tiie   morpholOj-^icai   char- 
acteristic^   of  tiic    oacteria   in  detail. 

Flafgellated    (motile)    forr.fe    occur   in  eaci.  of  the   three 
f^reat   faridlies    of  the    bacteria,    and    this    characteristic 
will   De   discussed   first. 

ri:iny  bacteriologists    -/ill   not   a.^rc  c    that   fla;.^eliation 
is    of  sufficient   importance   to   ue   used    for  the    division 
of   oacteria   .into    urinary  .groups,    aithou  ;h  Fischer  and 
i'li.^ula   recoi^nize   t'nis   ciiavacteristic    is    of  prime   impor- 
tance   in  classification. 

The   trouole   seems   to   oe    that  the   results    outained   are 
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not   cont.t,ant.    The   'writer  iaas    icviseu   a  pro:;ecjnre   waercov 
one  may  stiin   flac^ella  -vitli  a  iiigh  percenta,-e   of  e^-fic- 
iency,    and   Tinas    that  y/ith  tic   i:.an?y   ria^^e Hated   sjecies 
studied,    t^.c    resultt    are   very   cont-taiit,    and    in  every  '.vay 
suitaole    xor  oacterial   aia;;no£iK   anu   cla:  sirication. 

Tiie  method    (Kenaail,    Jour.    App.   .'icroscopy.    Vol. tj,18;5o) 
cons  lists,    not    in  a  new  stain,    out   in  tiit    prf  lii.iii-.ary  treat- 
went   of  tjic    D'^iC^tria   cefore   stalnin.^. 

Hitherto   the   e^reat   trouole  has    oeen  that  excessive 
handling  has    removed  ciany  of  the   fla.-cila,    and   "che    les- 
ults   have   bten  inconstant.    B,/  means   of  the  nethod    aes- 
crioea   uelow,    stride. its   ha.^e   succeeded    in   demonstratin-^ 
satisfactorily  and  with  conpar;it,ive   ease,    the    x'ia,-;ella 
upon  many  SToecies    of   i.'acteria. 

The  nethod    consists    in   inoculatiiir;   into   a  tu.£    of 
sterile   v/ater  an  .amount   of  or,.-.-.nisi:iS   fi-om  a  fret.h  egar 
alant   cnou.-/i;  to  proauce    a  faint,    out  distinct   turuiuity 
in  the   u  ^per  thira   of  the   coluiun  of  '■ipAat. 

The   or,,.,anisins   are    reinoved   preferaoly  -Tith  a  lo.Tp   in 
such  a  way  that  the   wire    ii>    laid   down,    not  dra^^^ed,    upon 
the   slanted   surface,    ti.en    introducea    into  the   tuuc    of 
"/.ater,    and   enou.;h     _    the    onjanisms   alloweu   to   float   off 
to   cavise   tiic    uesirt-J    tnroidity. 
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One  raust   not  stir  eitiier  tiie   culture   or   the   tuDc   in   which 

the    or^v-.nibns   are   finally  place  a   oecaiisc   tiie   ilaf:gella  are 

very   ciclicate,    and   any  violent  motion  v/ill    remove   them. 

ir  one  follows  these  directions  carcrully,  the  bacteria 
will  ue  trans i'ei  red  from  one  tuuc  to  the  other  v/iti.  a  min- 
imal  amour: t   ox"  hanalin'^. 

The   tuoe    Ox    ■'/ater  containino  the   or  janibins    is   r\o\'i 
incuoateu   at   the    optinujn  tent)erature   of  the    species 
fror;:  one    to   several  hours, aepenaing  upon   the   rapidity  of 
groi-^th  of  the   organisms. 

One   hour  usually  sufficed   for  Bacillus_  coli. 
Anaeroues   may   oe  ^sro'vn  anaerooically ;    cai-e   sjiouLu    oe   taken 
to    ooil   ana    cool   rapiuly   the   water  Defore  usin,;-  for  euch 
cultures   to   renove   all    aiL.tolv<:,Q   oxyrjen.^ 

During  the    incuuation  period   there    is    a  certain  amount 
of  reproduction,    and   non-fla,-ellated   forms    sink  to   the 
Dottom  of  ti-,e   tubcoecause   tiieir  orjans    of   locopiotion  are 
gone;    as   a   rule,    only  motile    (f la^^ellated   foi-  s)    remain 
iji   suspension. 

The  wat  r,  free  fror:  aluuiuinous  material,  -vashes,  so 
to  speak,  the  oodie;  o^'  the  uacteri^:,  leavixig  them  free 
from   forei;n  matter,    arci    in  good    condition   to   stain. 
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vrnen   one   iiae    ootainea    the    or„aj;ib:  is.    ib    this    form,    Viic,f 
are    ready  to    oe    tra,  c  Jevrcd    to   tlie    cover  .^latc    Tor  stainin,-. 

:-'crrfctlv  clean  cover  glabteb  inu&t   oe  u&ed;    one    lemovee 
a   l-av^c    oe-^e   of  sixspen&ion  fron  the   u-Mper  portion  of  the 
tuDC    GOi'taijiin:.;  tr^e    oacteria  ?inu    uepotitt    it  Ui)on  the   cen- 
tre  of  the   ;-lass    uy  touching  the    loop  ..;ently, then   removin^^ 
it   ir.neaiatel./.    A  drop  '7^11   adhere   to   the    sliue,    ana    if 
tnis    quantity    it    not  enoiif,'!:,    the   proceeb   Liay   ue   repeated, 
oein;j  careful   as    oefore   not   to  aibtui-D   the    oacteria  by 
mixing  '7ith  t^io    loop. 

If  one    follows   these   airectione    carefully,    one   has 
an   emulsion   of   oacteria  tr-nsferrea   to   ti.e   slide  v/ith  a 
mini:  al   amount  of  handlin,^:;;    the    oacterifi   retain  their 
fla^^ella,    ana   are    in  ti.e    oest  pobbiole    conaition  for 
stainin^:. 

The   film  may   rje    driea    in  the   air,    at   37°   or  over   ti.e 
•.7ater  Dath,dependiiit^  upon  the   nature    of   the   or^^anisms, 
and    then   fixe  a   oy  passing  once    through  thi.e    flame. 

fhe   preparation   is   nov/   ready   for  staining,    and   any  of 
the    fla.-;ella  stains  may   oe  used.    The   writer  has    foimd 
Pitfield's   stain  .^ives   the   nost  satisf-ictory   results. 

It  must  ee   remerauerea   tjiat  this   pro;'eedure   ■:a.     only  to 
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•7ith  the   preparation  oi'  rju.    o^xtcria  Tor  st^ajiirii:;,    and 

tiiat  uo  ucthoa   can  ptri't  ct  tliC   stainijici'  techniciue   of  t'e 

indiviaual.    Faulty  teciinique,    not   crror&    in  tiie  method    are 

the   ultirriate   source   oi'  error;    thic  method    can  onl./  inake 

the   conaitions    favoraole.    The   final   re^^ult  depends   upon 

thb   si; ill   or  the   operator. 

Thib   i:;ethod  haL    yieluea   excellent   results    in   tJie    jla^s 
room,    and    it   is   hoped   tjiat  it  '.'/ill   tinpliry   tiie   study  of 
the    ils,^ellation.    of   oacteria,    particularly    Kcause   this 
ciiiiracteristic    is   of  threat   inoortance    in   oacterial    researcli. 
neproo.uction  of   oacteria. 

At   ti-.e   present   tine   there   are   four  methous    .or  studying; 
the    reproduction  of  the    oacteria; 

1-  portions    of  fresh  a^jar  cultures   are    reir.oved   and   stainea. 
By  studying  tJie    arraj-it^ement   of  the   on-;anisms   with  partic- 
ular reference   to   their  plai  es   of  aivision,    Oiic   may  ,jet 
sor.e    iaea  of  the  mechanics    of  reproduction.    Tliii^   method 

is   not   at  all   satis I'actory,    and    is    rarely  used. 

2-  Bacteria  are   studied    in  jian^iiv;  drop   preparations. 
'A'itii  non-no  tile   or,-;anisms    it   i^    possiole   zo    learn  much 
aoout  their  method    of  ,,;ro'?th,    uut  of  course   t}ie    idea 
is   pr  cticaily  'torthl- ss    xor  mo   tilt   forms. 
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3-   Dr.   v;eGDrook  Jiat-   used   an  acjar  haixjin.j   arop.    This      etiioa 
is   very  ,^ooa   V7:  ere   oocervat.',  ojis    are   not   to   oe   extended 
over  many  days,    and  iias    interest   uecause    it  was    tl^e    idea 
uoon  \7h-cii  Hill    .  ased  liis    'iian/^iix-j  block',    t  :e   rourth 
method.    The   han.:jir^-;   clock  consists   of  a  small   square    of 
a^gar  cut   fr "r.  a  sterile   a-^ar  plate,    upon  the   sxirface   of 
virhich  is   spread  a  tiiin  enulsion   of  the   ..ind    of  bacteria 
to   De   studied.    A  cover  fjlass    is   placea  upon   the   i^ide    con- 
taining tiie   bacteria,    ivhicii   imprisons   tiie   organisms    between 
the  upuer  surface   of  the   a.^ar  :inQ   the   covc>-  (^last.    Or^^an- 
isms    are   practically   free   to   ;';;rov/   in  a  horii;ontal   plane, 
out   are    iniiiuited    in   the  vtrti.'-al   plane.    Tiie   block   is 
suspended    in  a  wann  ^ta^^e,    and  the   ed>^es   of   t::e   cov    r 
-^last;    sealea   to   the   sta.^e   to  pievent  evaporation.    One  nay 
make   oosci'vations   with  the   oil    im-ersion  lens,    and   exte   d 
such  oDservations   over  two   or  three   aays    if  necessary. 
If  one   uses    a  r.echanical  sa^e,    one   nay  ,:ct  the    rectan- 
,-ular  coordinates    of  -everal    or  anisiis,    and   turn  from  one 
to  another  ana   return  to   any  given    Dv.cterium  at  '?ill. 
Continuous;    oDservations   have    shed   much  li^-ht  upon  the 
mechanics    of  col'^ny  formation,    and   the  metho  .    furnishes 
oacteriolOi^ists  with  an  extremely  simple  means    of  t:tudyin,-:; 
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thi'o    iiiiportant  proolem. 

retiiod    :.i  stuu.v'iii;;   rcproauction  oi'  oact&ria. 
A  minute   po-rtion  of  c-.Utui-e   from  a  fresh  a.^ar  slant   is 
em'iliiif ied   witii   oroth  in  such  porpoitions   that   a  field    as 
observed   with  the   oil    iiniricrsion   oojective  v/ili   contain 
only  si:-:  or  seven  orjanisins. 

An  o&sc   01   tlais    emulsion  it.    srjread   upon  zna   surface   of   a 
ulock  of  a-;ar  of  s    itaule  si.e,    anu    a  clea     cov:.  r   -jlass 
placed  uoon  tiie   emulsion.    The   a.-^ar  will   adhere   to   the 
cover.-lass,    a^id    if  one   'fishes    to   prevent   lateral  i  ove- 
mcnt,    one   nay  scrl   tiie   a^ar  more   f iriily   to   tJie   cover  ;lass 
u^r  the   use   of    a  hc-ittd  neeulc  .    ±hc   assi*  ia   reel  tea,    and 
wlicr.    it  solidifies,    it  sticlis    closely   to   the    Gover^^-lass . 
As   a   r".:le.    only  two  cuj^es   need    ue  rxltcd   in  this   inanrer. 
Tiic    clock   is  suspendeu    in  the   warn  sta^'e,    aj-id   the    irjner- 
sion  Objective   focussed  \ipon  the    or^anisnG. 
The   anaerobic    oacteria  may   oe   gro  /n  quite   as    readily  as 
aerooes   b.-  the   use   d'     inert  <jases   in  the  statue. 
One    ou,;ht   to   illur.:inate  ti.e    bacteria   in  such  a  raaA.xr  that 
one  may  use   the   Ab;  e   cainera   lucida;    the  mere    ooservation 
of  the    reproduction   is   not   enou,;jh  foi-  accui-ate    uacuerial 
vorlc.    The   camera  allov/s    one    to   araw  ti;c   or.^anisms    from  the 
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bef^i:\nin^   oft-c   experimen     until   tiac   field    ib   ho   overgrown 
that,  further  observation   ic   possible. 

Tae   chan<^es    in  siije   c.re   very    interesting;;,    and    DriiitJ 
out  sonc    poi}-!t9    '.';:.ich  hiojicrto  have   not   Deen  eiripiia^  ized 
Dy   oac tc ri o l0f;is  ts  . 

Tiie   first   cj-.anjc   consists    in  the  tjraaual  enlar,-c   cnt 
of  the    cells    about    to   divide.    lOt  only  does   the    l^n^;  diara- 
£  ter   becoFie   greater,    as   previous    Investigators   liave   found, 
out   t-iie   short   aiameter     Iso   clon^^ates.    The   or^^anisn   is 
sonetines    almost  twice   a-    lont^,    and    t /ice   as    thich  as   the 
cell    in   itf    initial   condition. 

uext   a  short,    sli.ji.t   inaentation  occur^    at  the   point 
of  future   pla/id   of  division,    ai'a    this   ^^radually    jecones 
extanued    at    a  uark   line   which  eventually  cuts    the   c   11 
into  t'7o  eqiial  halves. 

'I'he    resultiix;  daur^hter  cells   duriiU^  the    first   two   or 
tiirec   ,ienc  i-ations   are  usually   lar^-^er  thaji   the   ori,:;inal, 
uareno   cell   before    it   oe^ja-n  to   enlar^.^e;    soon,ho>vever,    t]ic  re 
is   a  f^raaual   dii  inution   in  size,    until   finally  the   orr^an- 
.-isiriv-    becOiiie   of  approximately   tixe   s;ii;ie   size   as   the   orig- 
inal  Cell.    In  certain   cases  where    orelir.inavy   cultivation 
.as   not   teen  maue,    the   fii-st  cell  was   vcx^r  small   indeed: 
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i-.  took   loru^er  ror  such  cells::    to   attain   their  usual   t^ize 
oefoic    division,    and   the    reirroductioii  was    let^s    rapid    than 
in   bacteria  whicii  were    in  active   vct^ctativc    reprO'\uction 
at  the    DOsinnin ;  of  tiie    observation. 

It   ib    ii;.postiole    t,o  witness   tiiis   pj.enonienon  without 
comparin.5^   it  ^ith  the   ooservation^    inade    Dy  various   ooser- 
vaticns    concernini-  the   variaoility   in  size   oi    uacteria: 
Piscjier    (loc.    cit)   mentions   ,t5iant   and    awarx"  cells   ocour- 
rin,,-;   iji  the   saiae   cultures,    and   others  have   j  otej   differ- 
ences   in  sii:e   of  bacteria  in  the   sajne    culture   at  differ- 
ent  tines. 

It   is    of   importance   to   note   that   if  one    looks    at   a 
preparation   of  oacteria  unaer  the   iiigh  powers,    it   is   not 
tile   variation   in  size,    but  the  nean  dinensions   •fiAca  att- 
ract  ones 'attention  in   ot--er  T/ords,    one   does    not   I'Ote   t   e 
.giants   and   dwarfs,    out   carries   away  a  ;  ean  mental   picture 
of  the  Giilture. 

It   is    only   D      careful  scrutiny   that  oiu,    >vill  see   the 
coraparatively  cjreat  variations    in  size. 

In  all      robaoility,    the   explanation   of  the  variations 
in  size   of   aacteria  notea   by  previo'as    ooservers    are    in 
lar>-,'e   part   due   to   the   cor.parative   ^reshness   of  tiieir  cult- 
ures  \7\i&n  such  ODScrvationc   were   naae. 
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The-oe   Tacts    comoletely  overthro^v  the    old    iaea  that 
each   ori^anicm  had   a   certain    ■Jixca   diir.cn&ion,    whlcji  was 
incapablf^    oi'  any  consiaeraole   chan^;e. 

It   is    almost  certain   that  the    explans-tion   of  the    in- 
crease  or  size   is   d^i.e   to   rei-.oval   oi"  tiic   waste    orodncts, 
v/iiich  ifc    oroUfiiJ.t  acout   oy  trancTerrin^-;  to   fresh  redia. 
In  fact   one  may  almost   find   a  direct   relation   ^-etwten  the 
relative    increase   of  size    (up  to   a  cer-ai-     liniL')    and   trx 
relative   acscnce   of  effete   proaucts .    une  may    nrin,-^  aooiit 
the   sajne   change    Dy  dilutin,;  the  ineuiuri  with  sterile  water 
in  the   case   of  fluid   reaia.    Ltider  these   conditions,    the 
ore^anisias    Detain  to  &rov7  with  renewed   luxuriance,    (showing; 
that   Dacteria  do   not  at        rule    use  xiu  the   food   su:)vjly) 
and    there    is    coincidently  an   increase    jn  size   of  t   e    uact- 
eria. 

The    bearin  :  of  these   oocei-'/ations    is   very  evident; 
by  frequent   ti-ansfers  upoii   fresh  media,    tiie   olo    orj^anisms 
are   re  ,lacea    by  their  aescenaants   v/hich  are    in  the   very 

est  ve.'setative    c   ndition:    tiiey    are    larger  than  the   orii<;- 
inal   or;;anisias    and  ^row  more    lapiuly.    Ti^eir  average   size 
may   be   alm.ost  twice   as   ^reat. 
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Ficciier    (loc.    cit,    p.    45 ^   i,ives   bome    very   important  data 

upon  thit    r.uUject   i'ror.  a  sli^iitly  d.iifcrcat   point   Oi'  vitv;; 

a  culture    or  the   cholera  £pirillu]n  contained    (estimated) 

2a,95o,000,0u0   livint;  or^-.aniSLis .    Arter  a  lapte   or  4  houri., 

4800  Ouo  COO  haa   died:    after  40  hours, only   10    .o  v,ere   living;. 

Y7e  have    then  at   a   reeu.i.t  or   increasiaj  watte   products 
in  the   sar.e    culture,    a   rapid   diniunition   in  numuers,    accoiri- 
panied    tiy  a  dininution   in  sise   or  tiie   or-;anisns. 

It   it    rot   reinarkaole,    tiien,    ti:at,   D^cteria  kejt  upon 
a,:iar  slants    ror  a  month  or  rote,    when   ii  oculated   airectly 
upon   the  usual    laboratory  neviia,    Jo     ot    ,ive    all   their 
characteristic    reactions.      i'his    explairis   fairl.-  v/ell   tiie 
lach  or   constancy  v/hich   is    a  feature    or  bactei-ial   descrip- 
tions . 

The    constancy  of  res    Its    ootained    Dy   a  few   investie^ators 
is    in    ail   probability  due    to  a  careful   attention   to   this 
same    factor-   caieful   yreiini,>ary   cltivaoion. 

The   fla,^cllation  of  the    or^^^anisms   studied   in  tiiis    inves- 
ti,jation  showed   the   constancy  of  tiiis   characteristic   for 
purposes    of  classification;    cultures    of   .  acillus    typiiosus 
coli   and    prodi^jiosus      '-'ere    invariaoiy  peritrichic.    "he 
nuinuer  of  fla.",clla  varied,    out  the.'vT.^ere    al'vays    placed 
arov.nd   tiie    nody   of  the    oacilli. 
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vhe   fla^-ella  uaon   bacillus    pyocyaneus   were   invariably 
mono-trichicj    in  o  e   or   the    17   cultui-es-    ti70   pola/    ri-.t'clla 
■■■ere    rouna,    out  ti.ic    af^ree^    peri-ectly  witii  tlx    clasfcic-a 
acscription.      As   a  v/iiole,    the  study   oi    ti-e    i'iaeieliation 
v'/as   very  satisfactory;    no   particiilar  diiTiculties   were 
i.et  with   in  cieiaonttratin,,  this    ciiaracteristic . 
Spore   fomation  and   Gemination. 

None   oi"  the   orjjanisins   studied    in  this    investigation 
producea   spores-   out   th€    'iiaxv^in     bloch'    method    is   par- 
ticulaiiy  valuable   for  ti;e  study   of  their  fornation  and 
jeri.i  nation. 

One   nakes   a  thin  en''lsion  oi    oacoeria  containiiv;  s.orct 
and   piepares   a  hant.-;inj  blocl-:  Ir.  the  usual  manner. 
After  a   lon^^r  or  sh  rter  tii  e   tiie   spore  ncmorane    oecomes 
less    refractile,    and   soon  the   t^crniratir,-  rod    pi:.shes  thr- 
ough, cithei-   at  ti.e   pole   or  equ^_tor   of  tiic    rod. 

The   position  of  the   s  .ore,    tjie   sweliinf^  of  the    rod 
at  sporulation,    ana   tnt  methoo   of  ijerr.ination,    (equatoiial 
or  polar)    are   characteristics    of   inporuance    m  the   class- 
ific    cion  o_    certain  groups    of   uacteria,    partic  larly  the 
Suotilis   group. 

Classification  of  Bacteria. 

In  the   preceeding  portions   of  t.,is    ixivestigation, 
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the   cultural,    morpliolOiiical   find    Diochcnical   charactei-- 
iatic?   of  certain  bacteria  have    reen  stucticd,    ti.eir   re- 
lative  constancy,    ana   applicaoility   for  oa-^terial   clat.^- 
ii'ication   aiocu&sed. 

To  suvjuarize    oricily  \7liat  iias    oecn  sho'vu,   vie  have  seen 
that  the   Torn,    ./laoCllation  and   f^eometrical   arran,-;enent 
or  bacteria  are   the    important  norpliolosical   charactf  r- 
istics;    liquefaction   of  gelatin  ana    fen-entation   of  car- 
bohydi-ate   the  biochemical  characteristics  v/hich  one  nay 
rely  upon  for  clae<sification . 

Hot   only  Tiuet   one   have   constants    for  uec    in  the   divis- 
ion of   uacteria  into   fi- al  ^-roups,    out  one   must  distin- 
guish Dacteria  from  one   t-  oti^er   vjhen  z'l.e:/  e::if  t  side   by 
side    in  nixed   cultures. 

This    leads   to  tv/o  e^rej.t  classes   of   uacterial   character- 
istics ; 

1-   those   upon  which  one   .ust   rely  foi-  the   separation  of 
bacteria  fron  one   anoti^er-cultural   appearances    (reactions). 
These    reactions    are   valuable    for  obtainin^g  pure    cultures 
oait   are   suoj.ect  to     variations   \7hicl-.  /lave    Dccn  aiscussed 
in   Part   111.    The    importance   of  ayera-e   or  mean  descri.'tions 
of  cultural   characterit;tics    in  our     systcrU'tic    Dacteriol- 
0:^ies    oecor.es   apparent   in   this    connection,  because    it   is 
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tiic   average   aiypearance   upon  "mich  one  niict  na>e   the    aiat^- 

no£  is  . 

2-  one  must  Ixa  ^e  reactione  which  s.re  rclati  -ely  cor-otant- 
characteri&tics  -Thich  one  >  ust  ri  ly  upon  for  tJie  clivition 
of  bac~cria  into  groups. 

The    logical  method   of     roceeuure    in   ieolatin.;;   rn   orr;an- 
ism,    then,    is    firt.t  to  knor;   its   riaoitat,    ana   seek   it  there, 
second-  to   isolate   a  series    of  colonies   from     iar.es: 
colonies  r/riich  resenole   the    colony   describe u   as   typical 
for  that    'species*.,    th^ru-  to   be   certain   of  the   p.i-ity 
of  the   ort^anisms,    and   -jive   thera  ti.e  usual   -..relininai^y 
cultivat:on  to   insure   an  active  vegetative   conaition. 
fourth-  to  place   such  or,:;anisns    in  their  proper  groups 
oy   aeterninin-;  the   foin,    flagellation,    liquefaction  of 
gelatin  and   x"c mentation  of   uextrose.    fifth-   to   apply 
sucr    CO   firnatory  testf.    as   shall   finish  the    list  of  react- 
ions   consiuere-a   necesary   for  a   uacterial  description, 
and   the)'   eLtaclish  tiie   identity   of  tr.e   organisn. 

In  part  "'■   ^.all   oe   found   a  short   description   of  the 
method   used   for  recordin,.;  tiie    aescriptions    of   :  acteria. 

The  norphological   cl     ssification  of   bacceria,    hcrer/ith 
presents  a,    is   sonewi.at.  urique;    the    ria^^ellation   it-   made 
a  definite    criterion,    next   i      importance  to   the    fon:i  of 
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the    oacterial   cell. 

I'acteriaceae .    * 

10.    Coccacjcae.    ce.Lls   cpjierical   in  the   free   state,    not 
elon^^atea   in  any  direction  until  uivition. 

At,richa,   witliout  I'la^ella. 

11.  St:,reptococcus,  Eiilrotl-.  planee  or  i'itbi  n 

parallel,  ^-iving  rise  to  chains. 
1;-.  Micrococcus,  Colon,  planet  of  fission  ivithout 
definite  seqiience. 

13.  Tetracoccus,  ¥elc-7.  two  planes  of  fiseion  alter- 

nate and  at  ri,,i:t  angles  jgivii^^  rise  to  tetrads. 

14.  Sarcina;  CooULir.  three  planes  of  fiss.on  at 

right  anj^les  to  each  other. 
Tricha,  Kendall,  flagellated  forns. 

15.  i-'lanococcus,  .'isula.  motile, nicrococcus . 

16.  Planosarcina,  Migula.  notile  sarcinae. 
20.  Cacillaceae.  cells  elon^^ated,  cylindrical;  longer 

dianeter  increased  oefore  division. 
Atricha,  Kendall.  non-fla,-i;ellated. 

*•  lil,  Eactet-iur:,  Lhrenoer^.  non-rr.otile . 
Ti  icha,  flas^ellated  foms. 

22.  Bacillus,  Cohn.  flat^ellation  peritrichic. 

23.  iionotrichuE,  Kendall,  polar  fla.-ellun,  (r'lrcly 

two  polar  flagella. 

24.  Lophitrichus,  Kenciall.  tuft  of  polar  fla^:ella. 
3c,'.  rvoiriil  ceae.  cells  cylinarical, spirally  twisted. 

Atricha,  Kendall,  non-fla^^e Hated  fonas. 

31.  GpiroEoma,  Mi^-ula.  cells  ri::;id,v/ithout  f lam- 

ella. 

32.  Spirociiaetae,    IJhrenoereg.ceiis   v7ithout  flaj^ella, 

notility   Dy   flex^aoue  nemorane. 
Tricha. 

33.  iiicrospira,    Schroeter.    one,  rarely  tv/o  polar 

fla-.ella. 

34.  Spirilliur..    Lhrcnocr(^.    tuft   of  polar  ila.jella. 
■X-  thiL.   (-;;roi:pin>i  aoeo   not   include   the   iiigher  bacteria. 

It  will   oc   noticed   tJzat  the   tern  Triclia  anci   Atricha  has 

been   introduced;    tnis   adus   hono^^eneity   to  the   systeia   uy 

inahin,-;  flat^ellation  a  def'nite   basiL    of  classification. 
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Attention   ie   also   called   to   tv.t   intro auction  of  the    terns 

noiio-  and    lophotricliijjua    in    jiacc    of  the    tern  r'seudononas 

ox   :'i;-;ula.   .'ii^ula  t^elieves   the    uacilli  v/ith  polar  j:".asella 

are   not  as    inuortant   individually  as   tiie   jjeritricho-.'.c 

oacilli,    and    includes    ooth  i^encra.   in  Oj  c  £;roup.    Both  t]ic 

tein  ;^seu':1on!onas   and   tlie   conception  ox'  tiie   f^en^.s    are   not 

correct.    This    oecoir.es    all  the   nore    interesting  '"lien  one 

notes    that  the   siylral  bacteria  are    divided    iii;.o   two  riror.ps, 

havin^  one   and  tuft  oT  polar  flap^ella  respectively. 

The  further  division  of  oacteria  cannot  oe  laaue  upon 
a  i-.orpnolocical  basis;  one  nust  rely  upon  physiolOi^ical 
Ci.aracte  >  istics  . 

or  these  tiX  liquefaction  of  f^clatin  and  the  xernen- 
tation  of  dextrose   are   the  nost   inportant  and   j.ost   constant. 

By  the  use    of  morpholo,i;y,    and    the    diocheir.ical   choracters 
entioned,    one  nay  divide   bacteria   into  types,    but   even 
hcse   types    are   not   of  sufx'icicnt  specificity  to   sci-ve 
the   purposes    of  a  bacterial   classification. 

One  nust  proceed   fuethei-;    at  the   same   tine    one   has 
practically  exixau^ted    ti:e   characteristics   v/hic};  a7e   con- 
stant,   and    coriTion  to   the  r.a.'jority  of   oacteria. 

P^j-rtner  sub^.iivjsion  deDends   upon  characteristics  which 
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are   rather  vried;    criaracteris^tics    in:oortant   in  one   gro  ij) 

will    DC    inconstant   and  withoi;t      importance    i;,   otLt  r 

e-roupe.    The   rernclitation   or   c an: ohyd rates    ie   of  £;reat 

importance    in  tiic   Colon   and    i^aracolon  groupf. ,    birt  iTithout 

signinifance    in  the   Suotilis   rjroup,    ana   spore   lonnation, 

highly   important   in  the    latter  gro"... .,    is   or  no  value    in 

the   i  o  rne  r  qvoux). 

Befon    outiinintj;  tiie    general  nethod    oi'  tiie   ultinate 
claseirication   of  bacteria   into  well   dci'ined   snail  ,5roup.  , 
it  \7ill   be   well   to   explain   briefly   the  nethoa   of  usin,; 
the  morpholO;  ,icai   and    uiochenical   classification   for 
aivision   into  types . 

The   characteristice   eiriployed   are,    forn,fla^jellation, 
liquefaction  of  i;elatin  and   fe mentation  of  carbohydrate. 
In  aad'tion,    the  prevailing  color  of  the   j=jrowth  upon  the 
ajar  slant  hat    been  made   provisior'ally. 

It  ;7ill   be    rcmem^.ered   tiiat  those   bacteria, for  example, 
whose  prevailing  color  '.7as  white,   were   dcsi.snated  by  num 
bers    rurnint-;  from  10   to   18   inclusive,    red   fon-as    ran  from 
'60  to   '63,    ana   so   on.    In  e-^ch   instance,    the    predominating 
color  came   fii'st,    and   the  vari' us    tints   were   designated 
oy  the  v:-riou£   se.jona   numbers,      gray   .-eing  11,    rea-DroYm,32. 
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Likev/ise,    two  di^-its   ^fei-e   appencied   to   each  o^    the   r.orpiio- 

lOcjioal   uivitions;    £iO   tiiat  the    Coccaceae  were    represented 
Dy  di   its    ninnin.^   fioiii   11  to   16,    tiie   BaciJlaceae   I'roia  21 
to  24,    and   the    npiriilaceae   iron  31  to   34. 
in  this,    classification,    the   initial  di,jit   reprei-ents   the 
forn,ti:e   iiccond   di^it  tlie   flagellation  or  -.eor.etrical 
arrane^eDciTt   of  the   cells,    so   that   11   indicates   a  Strepto- 
coccus,   22  a    oeritrichicly   flaejellated   bacill^is,    etc. 

If  one    can   i-    li:  e   nan;  er  debi^^nate   the   various    react- 
ions   of   bacteria  upon  ^je latin   and    dextrose,    one   nay  e^raph 
ically    (muaerically)    desiK;nate   any  type   of   bacterium. 
Such  a   representation  will   -:reatly   facilitate    the    clas^:- 
ificatinn    of   oacteria,    and    render  their  location   in   lit- 
erature   (serial   tables)    a  matner  of  f^reat  case. 
The   possible   conbinations    of   liquef  ction   of  j^elatin  and 
feiTientation  of  aestrose   arc    indicated    bcloY/. 


liquefaction  of  ,jcLatin.    fermentation   of  carboii.ydrate, 
acid.  ^as . 

1.  -  _  - 

2.  -  + 

3.  -  +  + 

4.  + 

5.  +  + 

6.  +  +  + 

7.  *  ? 

8.  *  V  -f 

'J,     *  ?  4-  4- 


3iqj^  Sii^lt  iBX.4^ 


i 'a:  Ol    T  f  >:•*    f  lOfJH 
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ihc    conplf,t€    TiP2  ilUL'BilR  consists    of   i'O'Y  dij^it^;    the   I'ir&t 

t^vo    rerer  to   tiie   inorpiiolo>s.y    U'on-ijf la;;€liation, )    the 

third   to   ti.e    liquc faction  ox'  gelatin  and   fcrnentation  of 

dextrose,    the    fourth  to   tlie   predor.inatin^s  color  irpon  the 

agar  slant. 

Actin^j  upon   the   suj-^,y_  etion  of  Mr.    ■'h.ipple    of   the   It. 
Prospect  Laooratory,    the   decinal   point   is    inserted    oetv/een 
ti.e    first  tv/o    (r-orpholo^iical    )   and    t-x   last  two    (.-hysiol- 
Ot^ical    )   ditjits. 

Two   exajiipleL   v/ill  nake   tiu    use   of  the   TT.^h  MUHBERS 
plain; 

ii2.53.      refers   to   a  bacillus,    (sec  .morphological   table,) 
havint^  nonotrichic   fla-;ellation;    liquefies     ,€latin  and 
produces   acidm  dextrose    (see   tar.le  upon  prcceedia-;  pa^c) 
and  v/hose   pi-cdorr.inatine^   color  upon  the   a,jar  slant   is 
red.    (see    table   of  color  s:;hemc.    ) 

ll.i51.    a  coccus, i^ro'.ying   in  chains    (hence    -   strnDtococ  :us ) 
•ith   no   flagella,    doc^    not   liquefy  i^-elatin,    i^rowth  white 
upon  ae;ar. 

One   can  arran^.e   the    uescriptions    of  bacteria  upon  tables, 
placein^j  appropriate   r>roup  nuji.u.'  rs    in  oraer,    and    look  up 
anu   ort^anisH   Delo}-i,jin,-   to  thrit  e^'OUTj   in  a  noncnt. 


^?   T  .fiX   >.i.J   oiu  (   iijaJ:;,oi 


i.ii     #•-;:        ...i      J-l- 


itSmiW!^   ^^i-^  39**   •AlIa^uBl 


soW«J 
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The   further  -asc    of  tht   mmerical   Gchenc    for  recording  fne 

cultural   c}:ai'acteristic£. ,    usea   throu.jhout  this    in'esti.-:atiorx 

in  the   tablet,   will  make   the    cojn.lcte    identiTication   of 

a  ,;iv€n  specie,    with  anotjier,   written, aeecriotion,    the 

\7ork   of  a  noinent.    --^11   one   hat    to  do   ii>   to  ^rite   the    character 

istics    in  teriu    of  their  munerical   equivalents    in  the   proper 

oraer,    and   turn  to   the   proper  type  n"  mber.    Identity  of 

syinools   will  at   once  nean   identity  of  descriptions. 

Trie   final   aivition  of   oacteria  into  aroupB. 
wo  asnc^-al  statements   can   be   made,    out     .   fev  ^^roups    are 
appended   that   the   method  may  be   clear. 
Trye   type   nujnuer  v/ill   be   placea   first, to,;cther  \7it;;   the 
nar^.e   of  the   e;^roup,    and   a^aition-il   characteristics   necessary 
for  placiiic;  the   organisms    in  their  proper  ^^roupi-    will   be 
aaaed . 

Colon  fi;roup.    type   nujn_er     2.;')1. 
Lactose    fermented  wit'     tlic   production  of  eSas . 
ivfilk  coa,^-ulatea. 

Paracolor  ,:;ro.ip.    type   numoer,    22.31. 
Cac    in  hexosee,    but  rot   in   oioses, 
iii Ik; acid, then  alkaline,    terminal   alkalinity. 

Typhoid    -;rou_p.    type   ni.unoer,    22.21. 

No  ga;.    in  carooAyarates .   acid   produced. 


J3Xf»JO^ 


.Jai:t9;roaii:;i»  i.iiwi4>i 


.  ja.- 
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..tilk,    thre^    t.vpes;    acid,    alkaline,    and    terminal   alkalinity. 

Baci'luc   Eubtilis   e^roup.    type  nmnoer,    i32.^1. 
Pernents:.   no   carbohydrate, 
i.iilk   cociegulatcd, liquefied,    allcaline. 

Spore-  central   in   rod,  rod   not  sivollen  at  fcporulation. 
Geri'^.ination  equatorial. 

Baclllut    cloacae   group,    type   nuinoer,    2P,,    61. 
Ptrricnte    lactose  -".vith  ,;aK   production, 
jiilk  coagulated,    liqueiied,    acid. 

ivTicrococcus   alous   f-roup.    type   nuimier,    I". 51. 
Acid    in  dextrose, 
riil]i  coagulated,    acid. 

Microbpira  corojua  grou.p.    type  mu.iuerf'6'6,bl. 

Acid    in  dextrose. 

Iiilk  coa:-;ulat£a,    acid. 

i.itroso-in.iol   produced  . 


iOT't  3on  iot«Mt  til   I 
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Part  V.    General      SuKuaaiy. 

Use   of  the    'itonerical   or  Deci:  al'    S./bten  oi    recording 
tiie   Giiaractcristics    ox'   oacteria. 

The   TYPK  ]''Ji iBiJ?:   ie   a  cojivcnient  nethod    for  cla&cifyint^ 
uacteria  ifito    'types':    tiie    four  di,;itb   conpricin,_g  this 
symbol   are   divided    into   two  groups    of  t  wo   digits    eacii. 
Tiie   first  digit   indicates   the   forn  of  the   organisia,  (coccnS; 
bacillus,    spirillum):    the   second   the   flagellation  or  geo- 
metrical sequence   of  division, and   the    resulting  geor^ct- 
rical   configuration   of  the   oaughter   cells    in  space, ( 
strc.jtococcus,    teti  acoGcu.s,sarcina:    mono, peri   or  lopho- 
trichic    fla jellation) .    v.'- ese   t'/^o  numuers   aefine   tne  mor- 
phological  charac tersistics    of  tjie   organisms. 

The   third  digit   indicates   the    liquefaction  or  non-liq- 
uefaction of  gelatin,    and   the   feiT.entat:  on  of  dextrose, 
(gas    or  acid   production). 

The   fourth  digit  describes   the    prevailing  color  upon  the 
agar-  slant. 

The   above   ciiaracteristics   are   coiiimon  to  all  bacteria, 
are  very   constant   in  their  oc;currence,    ana   divide    cacteria 
into  groups   of  approxinately   equal  size   anu   value. 

Fvrthr r  division   into  groups    depenus   upon   character- 


q««rt?^  cms  •.tfrl   i»»Mv- 

santtiUI 
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iiitice    not:   corj.on   to   all    oav^teria,    out  ciiarac-.eriBtic 
i'or  tach  tjroup.    Svicii  divisions    are    indicated    in  the    la^t 
portion  of  h'art   lA''. 

The   cultural   charactcribtics    of  b: cteria  are   derined; 
1-  in  definite,    standard   terns:    terns   chosen  '7it}i  reference 
to   tvc    inportant   factott-  specific   enou  ,•;  to   (iefine   sharp- 
ly and   definitely  and    reaction   of  any   oacteriixr^  upon   ajiy 
of   tlic   ordinary  media,    and   general   enourjh  to   allow  for  tlie 
sli.^ht  variat.  ons   characteristic   of   liviri^^  orjanisns. 

To  each,  of  these   standard, definite   terns,    nur-.erals   are 
assigned-   in  i^eneral   the   sinplest  characteristic    is    rep- 
res  entea    :jy  the    lowest  nuneral,    ana    increase    in  conjlexity 
of  ci.aracteristic    (also    in  iiif leqirency  of  occurrence) 
is   coincident  with  increasea   denomination  of  the   numeral. 

A  stanuaid   tatle   or  chart    (sc-     charts   used    in  t'  is 
investit;ai:ion)    is    ,rovidcd,v/ith  tiie   observations  usually 
made   upon  each  kind   of  ixdiuniagar  slant, ^i^elatin  stao, 
;ular,es,    etc. 

One  makes    t}ie   proper  cultural   ouservatlons    of  the   or- 
ganism uno.er  consideration,    and   writes    the     ui.erical 
expression  for  the   characteristic    in   the   ap^jropriate   column. 


i  id  iC     jritt;  t;  '.'t     T  / 


-254- 
BiochGiiiical    rtactioub    arc    aosi.sr'ated    (   +   )   v/heii  a  cLaractcr- 
istic   is   positive,    (    -    )   when  it   is   iier^ative,    or  Uoei;.   not 
occur. 

rhe   signs   +  or  +  are   used;    the   first   desi,jiiat*  c   a  pos- 
itive   reaction  lOiiowea    Dy   a  aia'appcarar.ce   or  ne,r;ativity 
of  t::e   characteristic:    the    secona   a  negative   or  abaent 
ie<actiori  To'lovTea   Dy  a  positive    reaction. 

These   signs   arc     particularly  userul    in  tabulating  the 
i-e"ctions    oi"  various  nedia  during,    and   after  bactt. rial 
growth.    Tiii.    first  sign,    (+)    indicates   an  aciuity  follori'ed 
hy  neutrality  or  aliialinity:    the   second,    (+)    an   alkalinity 
follower   by  aciai^^y. 

This   system  of  tabulation,   while   apparently  coinplicateu, 
has    oeen  used    in  a  class    of   cjeginners    in   uactc  riology, 
witli  satisfactory   results.    There    is    ;-n   itiraense   saving  of 
tirae   in  writing  the   results,    and   the'  terras    anj.   t:  eir 
synoolb   are   memorized    rapialy. 

Another  form   is   appenaea,    using  tiie   standara   tcms 
instead   of  their  synbols    (n'^nerical   synuols)    .   vrnile    it 
is    less   concise   than   t.  c    nui  erical   table,   yet   one    may 
use    it  v/ith  a  minimal   expenditure    of  time.    All   the   ordinary 
characteristics    of  oacteria   are   provictea   f oi  ,    and    tiiC 
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ai  raiv;&j;ient  allows,    one   1,0   economize   space. 

The   advantage   of  using  btandvrct   terms    is   admirabl./ 
illustrated    by  Proi'e.sor  Chester   in  his   ; manual   of    licter- 
mi.iative   bacteriology    (p;17);    the    terito  u^ed    in  this  worl: 
ave   those   fir^t    oroposcd    oy  hin,    with  a  re~r  adaitionc    and 
changes    Tor  increasea    clearnes..    a;:d    conpreiiensiveness. 

Class ii'it^aoion   of     acteria. 
The   classification  presented   here    is    in  many   res  ejects   a 
df^p^j'ture   from  oloer  systems;    it   recoj^nizes   several   fact- 
ors  v/hich  do  not  appear   in  otiier     ystems,    and    is   made   as 
fas    as    possible   homotseneous .    .-.ny   oactcriai   classification 
must   ce   empirical   to   a  cei'tain  extent,    .-nd    it   is   ivell   to 
Ci'.oose   ones  '  criteria  witj:  t^xs  view   of  homo  jeneity   if 
possible. 

ihe   classification  will   ue    outlined   a.^ain,  brief  lyjcall- 
in^  attention  to   the   salient  points. 

It   is   divided    into   t^o   parts,    a     i!oi'piiolo/j;ical   and    a 
Prysiolo, jical   portion. 

;;orpholosy; 

1-  form  of  t];e   OT^-r-nism. 

K-   fla,-e nation;    oactcria  are   divided    into   the 
Triclxa,    or  flagellat^  a   foiT.i  ,    ^-.nd    the   Atricha  or  noii-fla,:- 


•  A^AlMI  ;r««ll««  mis  OS  n 
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cllatea   forms. 

Furtlier  i-iorpholo.jioal  fcutniivitiionb    depend    upon   the  geo- 
metrical  arraiv;enent   of  tiu    daughter  cells,    and    in  the 
spore   foriainj  groups   upon  the   forir.  ol    the   tpore   and   rod, 
and   the   method   of  ,,;erninatio:    of  tiie   spore. 
Pii.ysioio,,ical. 

1-  iiquefactioi'    or  non-liq.uefactio;\  of  ,^5eiatin. 

2-  feri:'.entation   of  aextroi-e   v/ith  tuc   production 
of  a;a£    01    acid. 

Tiie   aoove   criteria  arc    co.Tu^ion  and    co ns-tajit  for  all 
bacteria. 

Furtiier  subdivision  depends   upon  characte  ristic-    not 
coLiivon  to   all   Dacteria,    .  ut  constant  for  certain    -roups. 

It  v/iil   oe    inpossiole    to   suriinarise      satisfactorily 
the   methods   and   precautions    descriued    in  Part   1-  iiention 
shoula    oe  iiade   of  the    inportance   of  prelininary  culti- 
vation  in  accurate   descriptive   work  uj;ori   oactei-ia. 

Part   11;    the    results   of  the    iyivebci,iation  upon  the 
investf  :ation  of  dirferent  sti-ains    of   trie   sajTie   or,;anism 
u  .on   the  saitie  media  show  tr.at  aside   frori  the    individual 
peculiarities    of  cultures   of   the   saine   spe;ies,    the    uact- 
eri"lo/^i£ts    a^^ree   very  well   upon  the   characteristics 
•hicii  one  v/ould  use   in   identifying-;  a  t^ivcn  species. 


.oloa  10  »c^ 
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Gi   ail   zhc   cultures   GUDnitt,ed,    all  except   one    proved    to 
be   the   species    correspond  in.;  with  ti.e    laoel. 

Part   111;    the    concentration  of   tiic   i.iedia   affected    ,  in 
oencrn.l,    the   extent   to  which  the    Dr.cterial  t^rowtji  L-pread. 
The    reactio;    of  ti.e   medium,   v/itnin  the    liuitb   use  a   in 
uacterial   resc   rch,    was   v/ithout  effect  upon  tlie   cultural 
or   biochemical   chnracteristics    of  coni.ion, vigorously   .^rov/- 
in,.;   Dacteria.    In  certain   fon:;s,    the    reaction  v/o-.ld   play 
an   important  part,    out   in   t^eneral  such   fonti^-    are    not   lively 
to   be   r.et  'vith  in   ordinal y  work. 

Gesture    it    necess    ry   foi      he    loni^evit.v  of.  oacterial 
r^ro'tjis;    this  must  be   in   the  gaseous   environment  as   ^vell 
as    in  the     media  upon  ?fhich  or,;anisms   are  gro^n. 

The   character  of   tjie   albumino'as   substanc-s,    as   well 
as   ,.;lycerine   affects    t/.e   chrcmOoenic   properties,    uui.  not- 
th.e   cultural   and  morpholOj^ical   Ciiaractcristics   of  baceeria. 
ThiL    is '  particularly  marked    in    -he   chromOt^enic    bacteria. 

There    is    a   'per.  onal   factor'    in  makin.;  media  ana   in 
interpretin,^  the    cultural   che.racters   of  bacteria. 

Liquefa.ctioi>   of  ;;elatin  and   the   fermentation  of  dext- 
rose  are   the  most  constant  comjnon  p].ysiolo,;ical   characters 
of  Dacteria,    an.^   tiic   most  Li.itea    for  division   of  the 
Dactei-ia   into  groups. 
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Other  biochemical   ciiaractera,    constant  ana    iiapoi-&ant 
in  certain  t^i'oups,    arc    iiicon&tant  and  uniiiportant   in  other 
^•roups,   heiict   suited   Tor  the    identiricatioii   of  the    xinal 
Gubaivisions-    oT   oacteria,    but   ill  suited   for  r^ci^eral   cla&i;- 
ification. 

Cultural    reactions,    like   any  r^ro'vth   Toms,    are   subject 
to  slir^iit  variations;    variations   due   to   subtle   chan^^es    in 
the   coiupobition  of   tlie   media,    and  upon   individual    idios;ai- 
craoies   of  the    or^^anism^    themselves. 

One   does,   howevei,    detect  a  mean  or  average   apoeai-ance, 
\7hich,    not  specific   as   a   rule   for  individual  species, are 
of  paraiTiount   importance   in   isolatin^i   certain  f^roups    of 
oacteria  from  otiier  groups:    for     Dtaii:in--;  pure    cultures. 

Part   IV;    the    oacteria  iiave    in  addition   to  tjieir  form, 
and   fla,;ellation  certair.  oti:er  morpholo.^ical   characters 
"/i.ich,    althoui^h  little   jinoTrn   at  present,    ■•'ill   be   of   imm- 
ense   import'  nee    in   oacterial   clasF-if ication.    The   method 
of  reproduction,    and   the   methoa    of  colony  foiT^.ation   are 
the  most   i;  portaiit  of   these. 

Capsule   foiTiation   and   stai-iiif-  reactions-  more   Cj:;emical 
in  nature,    are   not  witf.out  value    in   bacterial    dia,;nosis. 

In  conclusion,    tne   writer  wishes    to   thank  the    folqowin,-; 
-^entlcLien  foe   tjieir  ,^reat  kindness    in   facilitatin,-:   anu 
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rurtherinr;  thifc    investi^jation; 

Or.   "elch  Tor  iiis   s  :pervibion  of  tc  work,    ^or   laoorat-ory 
privile^^es,    ard    Tor  his-    hearty   cooperation  without  which 
Li.iL    invcstitjation  '.voula  have    ucen   imposs.  ible . 
Drt .    harr:i-.    and   Ford,    of  the    .niversity  staff,    for  their 
many  kitidness&ti    i:    furnishing;  cultures. .    and  material. 
Drs .    Hill,    Theobalu    Snith.,    r;ett,.;er,   Amyot,   V/csbrook, 
jlovy, Jordan,    Pease, Stokes,   P.osenau,    Plexner,    for   furnishing 
c-.J.tures,    and    uata. 

To   Piofes£Or  Cnesiter  for  valuable    infornation   and   data 
concernin/-;   tiie   use   of  £tardr,i-Q   terT;ji,etc. 
To   the   25  inenoen:    of   the    clatt    of   1906,    of  the   "'"edical 
School   for  their  cooperation   in  the  woi-k  uoon    'personal 
factor'    of  cultiii-al   interpretation,    and    also   to   the    lao- 
oratory  force   of  the    Path.-.lOf^^ical  Lauoratory   for   t;;.eir 
inany  courtesies. 
Baltimore,    1904.  Arthur  Isaac  Kendall. 
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Appenaix, 

Composition   and    reaction   ox   nKdia  u£;ed    in  t'.is    invtstir^ation. 

.'ediiii:i.    )4)  a^^ar  >  peptone.      reaction.      other  in^jredientt . 

or  (gelatin. 

Aijar  1.        l.o  1  +0.1     i,cat  extract, 3. 5  ^rs . 

a^lycerine,    5  ';o. 

A,;ar  2.  l.o  i  -Kj.1  neat  extract,  3.5  grc . 

A;-ar  -5.  1.5  1  0.0  "      "    2.5   " 

-V-ar  4.  1.0  1  +  1.2  neat  juice. 

A^ar  5.  1.0  -  4-  O.L  ox  s^i-un,  10.,o. 

A^ar  6.  1.5  1  +  u.l  neat   extract,    2.5  ,;grt . 

A^ar  7.  1.2  1  +0.5        

it;ar  (J.  1.2  1  -1    0.7  5    ->  ,;lycerine. 

Ajar  9.  1.2  -  .0.0  5   ;b  t^tarch. 

AjEr  lu.  1.0  1  +  0.5  10    o  ox  serum. 


A^ai    11.      l.o  1 


jTie  at   c  X t r ac  t ,  2 . 5  ^^  x-fi . 


a,-;ar  12.  1.5  1  +  o.2     do. 

A-ar  13.  1.5  1  +  0.1      uo. 

Ae^ar   1-..  1.0  1  0.0      do. 

ii^ar  15.  1.5  1  +0.4. 
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.,c  latin 
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P       rlCJ 
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1. 

16 

Gelatin 
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16 

Gelatin 
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Gelatin 
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16 

Gelatin 
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15 

ue latin 

o . 

15 

Gelatin 
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15 

Gelatin 

3. 

15 

Gelatin 

'J. 

15 

p  ,;elatin.      ,o  peptone,      reactinn.    ;  eat  extract 


-  0.'6  2.0  ,-r£  . 

-  u.l  2.5  f^rs. 
+  1-0  n:eat   juice. 
+1.2  meat   juice. 

-■■    0.1  extract,    2.5  t'^*- 

+  0.5  do. 

-  0.4  do. 
+  0.2  do. 
+  0.2  JO. 
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I,    Arthur  Isa;ac   Kenuall,    ^vai.-^    oorn   in  Some rv J. lie,   Iifass- 
achusetts,   .'lay   7,    1877.    I   attenaea   tr.e   re.^^.-.iar  public 
?i-inary,    ;, raraiar  anu   Hi;-]a  Schools    in   that   cit--,    and   at   the 
a^je   or  18  ^7ai    admitted   to  t.c    n-efcin^an  clabs    ox'  ti-.e  I-ass- 
ac^.Tisctts      Institute   oi    Technology   i)i   1895.    Ov/ijv;   to  a  pro- 
tracted   illness,    I  was   not   a'o  •  c   to   complete   the    first 
year  at  tnat   institution,    and  was   compellea  to  take   an 
extra  year.    At  the    oeginnin,:;   of  my  sophomore   ./ear   1   de- 
ciaea   to   take    the   SiolOt^ical   i.ourse    in  preference   t.o   any 
ot]:er,    and  workci    ir.  this    ac.jartment  under  the   supervisio 
of  Professor  Sedii;\vick,    until   I  was   >;raduaoed,    in  1'jOG. 
I   cannot  do   oetter  than  to   take   this    opportunity  to   ex- 
press my  heart-felt    .ratitude   to   Pi-ofessor  Sed;;v/icK  for 
his   many  kinanesses   to  r.e  v/hiie   I   waa  a  student   in  his 
dcpartmciit.    His   ,_;  'oodnesii   was   not   confinea   to  my  under- 
t^raduate   career,    out  "/as    a^^ain  manifested    in  I'JO:-;,    when 
he   assisted  ne   to   ootain   the  Swett   "''ellov/ship   from  t,},i.it 
institution,    so   that   i   coula    continue  my  studies    at   Jo'o^n) 
Hopkins,    t-/o  years    later. 

After  o'ra'juatirif^  f rom^Techji;-lo,--:y,    I  was    employed    first  ■ 
hy  i,Ir.    Simeon  C.    Keith  of  the   firm  of  liood   and    Sons,   milk 
contractors;    my   uuties    consisted    in   p'-ittin?-;  up    uure    cult- 


.-^  son  «? 


lor  lust: 


-;'63- 
ures    of   oact,crib    xor   i-ipeniiv;  cream  ar.U   ciieebe,    and   also 
to   inspect   oacteriolo,-;ically  the   various   aairies    o:y   -"/hoin 
tiaey  were    supplied   witn  Eilk. 

In  Septcmi,er  of   tiiit  year,    1900,    I  was    apjjointed 
Chici"  Ciieinibt  ar  a   Biolo  ,iet   Tor   the   Cinclare   r.u,=;   r  Plan- 
tation  ill   Louioiana,    and    I   entered  upon  my  .:.ew  duties    in 
Octooer  or  -chat  :/ear.    I    remained    tiiere  durin ;   the      ringin.-; 
season,    and    left   in   January  to   Decoi-ie   assistant   to  Mr*   R. 
S,   <l'i;Eton,   riesiucnt   Expert   for  the   ilev!  Orleans   Serera;-;e 
and  \7ater  Board,   \viiile   there    I   controlleu  un-ier  Hr.   V.'es- 
ton'^   direction,    the    uacteriolo -ical  work  of  the   station, 
■■'oth  routine   and    experirental. 

In  r.iay,    1901,    I   came   to    Lawience,    iiass,    as   assistaiit 
BacteriolOc^ist   for  the   Lawrence   Experijient   St  tion,v;heie 
I   spent  a  year   in  stuayiiif^  the   purification   of  Sewa^^e, 
and    Sewai.;e    aisposal. 

In  Jujic,    1902,    I  w  a    appointed    Swett   Peilo^?  of   the    Ins- 
titute  ofTechnolOoy*    ai'^tl   spent  the   tine    uetween  tfiat   per- 
lou   and   Septeiuuer,    the   Lime    I   enterea   Johns   Hopkins    Uni- 
versity,  workings  with  Dr.    ii. W.Hill,    Director  of   the   3ac- 
teri    lo.--ical   Laboratory   of  the      oston   Board   of  Health. 

In  Septemuer,    1*^0:-.,    I    ■.  e^-an  work  at   Johnt   K-plcin.  , 
and   demonstrr.ted    in  Bacteriolo.--y  ar^d    Physiological    Ohemis- 


.l«^*<ihffft(nc)  fefi£  Ml^iioir  ASO' 
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try   as   well   as   working  upon  ray   dissertation,    in  adaition 
to  tiie  work  ir.entioneri    aoove,    I   v/at:    eii^a^ed    in  preparing 
material   ior  Drs .    Gair.e;ee   and    Jones    .or  an   investigation 
upon  certain  njcleo-prote  ids    of  tiie   pancreas    and   tli:-/nus . 
In  June,    1903,    I  v/as   appointed   a  fello^?   of  the  Kockefeller 
I>',sti"c.ute,    and  -.Torkea   upon  the   organisms   or  suiiu'k'r   dysen- 
tery  from  June   until  the    latter  part   oT  September. 

Through  the      kindness    of  Dr.   Welch,    I     via^'  mentioned 
ab   a  candidate   lor  the   Fellowship   in  Parhology  an-j   iSacter- 
iolOe;y  of  the   Johns   Hopkins    University,    obtained    the   app- 
ointment,   and  have   spent   the    present  year  in  that  capa:;ity 
v/orking  upon  ny   dissertation,    and   demonstrating   in  Bacter- 
iology. 

In   conclusion   I   cannot   i-io   other>7ise    th;in   to   thank   Dr. 
Welch  lor  ills   many  kindnesses   to  me,    >j0tk    in  ootaining  for 
me   ti;e    fellowship,    and   in  directing  my  work  since    I  have 
been  enrolled   at   this  univen-ity. 


.     NOlOi 


30«x<*  jfioir 


BiDlio,_:;raphy. 
1.  Kenaall;  a  proposed  Cla&sification  and  netiiod  of  tabu- 
lation of   t.-e  ciiaracterB  ox'  oacceria.  Proceeding's,  i'un.  rican 
x-'ublic  Health  Association,  1902. 

2-  V;'hipple,  ioid.   1901. 
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